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PREFACE 


TO  THE 


THIRD  AMERICAN   EDITION. 


In  presenting  this  translation  of  the  eighth  German  edition  of 
V.  Richter's  **  Organic  Chemistry  *'  the  writer  has  little  to  add  to  what 
has  previously  been  expressed  in  the  prefaces  to  the  preceding  Ameri- 
can editions  of  this  most  successful  book.  The  student  of  the  present 
edition  will,  however,  very  quickly  discover  that  the  subject  matter, 
so  ably  edited  by  Professor  AnschQtz,  is  vastly  different  from  that 
given  in  the  earlier  editions.  Indeed,  the  book  has  sustained  very 
radical  changes  in  many  particulars,  and  certainly  to  its  decided  ad- 
vantage. The  marvelous  advances  in  the  various  lines  of  synthetic 
organic  chemistry  have  made  many  of  the  changes  in  the  text  abso- 
lutely necessary,  and  for  practical  reasons  it  has  seemed  best  to  issue 
this  new  edition  in  two  volumes. 

Eminent  authorities,  such  as  Profs,  v.  Baeyer,  E.  Fischer,  Waitz, 
Claisen,  and  others,  have  given  the  editor  the  benefit  of  their  super- 
vision of  chapters  relating  to  special  fields  of  investigation  in  which 
they  are  the  recognized  authorities. 

The  translator  here  acknowledges  his  great  indebtedness  to  his  pub- 
lishers, P.  Blakiston's  Son  &  Co.,  for  their  constant  aid  in  his  work, 
as  well  as  to  Messrs.  Wm.  F.  Fell  &  Co.,  for  the  care  they  have  taken 
and  the  skill  they  have  displayed  in  the  composition  of  what  will  gen- 
erally be  admitted  to  be  a  difficult  piece  of  typography. 


PREFACE  TO  SECOND  EDITION. 


The  present  American  edition  of  v.  Richter's  '*  Organic  Chemistry  '* 
will  be  found  to  differ  very  considerably,  in  its  arrangement  and  size, 
from  the  first  edition.  The  introduction  contains  new  and  valuable 
additions  upon  analysis,  the  determination  of  molecular  weights, 
recent  theories  on  chemical  structure,  electric  conductivity,  etc. 
The  section  devoted  to  the  carbohydrates  has  been  entirely  rewritten, 
and  presents  the  most  recent  views  in  regard  to  the  constitution  of 
this  interesting  group  of  compounds.  The  sections  relating  to  the 
trimethylene,  tetramethylene,  and  pentamethylene  series,  the  fur- 
furane,  pyrrol,  and  thiophene  derivatives,  have  been  greatly  enlarged, 
while  the  subsequent  chapters,  devoted  to  the  discussion  of  the  aro- 
matic compounds,  are  quite  exhaustive  in  their  treatment  of  special  and 
important  groups.  Such  eminent  authorities  as  Profs.  Ostwald,  von 
Baeyer,  and  Emil  Fischer  have  kindly  supervised  the  author's  pre- 
sentation of  the  material  drawn  from  their  special  fields  of  investiga- 
tion. 

The  characteristic  features  of  the  first  edition  have  been  retained, 
so  that  the  work  will  continue  to  be  available  as  a  text- book  for  gen- 
eral class  purposes,  useful  and  reliable  as  a  guide  in  the  preparation  of 
organic  compounds,  and  well  arranged  and  satisfactory  as  a  refer- 
ence volume  for  the  advanced  student  as  well  as  for  the  practical 
chemist. 

The  translator  would  here  express  his  sincere  thanks  to  Prof.  v. 
Richter,  whose  hearty  cooperation  has  made  it  possible  for  him  to 
issue  this  translation  so  soon  after  the  appearance  of  the  sixth  German 
edition. 
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PREFACE 


TO  THE 


FIRST  AMERICAN   EDITION. 


The  favorable  reception  of  the  American  translation  of  Prof,  von 
Richter's  "Inorganic  Chemistry"  has  led  to  this  translation  of  the 
**  Chemistry  of  the  Compounds  of  Carbon,"  by  the  same  author.  In 
it  will  be  found  an  unusually  large  amount  of  material,  necessitated 
by  the  rapid  advances  in  this  department  of  chemical  science.  The 
portions  of  the  work  which  suffice  for  an  outline  of  the  science  are 
presented  in  large  type,  while  in  the  smaller  print  is  given  equally 
important  matter  for  the  advanced  student.  Frequent  supplementary 
references  are  made  to  the  various  journals  containing  original  arti- 
cles, in  which  details  in  methods  and  fuller  descriptions  of  properties, 
etc.,  may  be  found.  The  volume  thus  arranged  will  answer  not  only 
as  a  text-book,  and  indeed  as  a  reference  volume,  but  also  as  a  guide 
in  carrying  out  work  in  the  organic  laboratory.  To  this  end  numerous 
methods  are  given  for  the  preparation  of  the  most  important  and  the 
most  characteristic  derivatives  of  the  different  classes  of  bodies. 
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INTRODUCTION. 

While  inorganic  chemisiry  was  primarily  developed  through  the 
investigation  of  minerals,  and  was  in  consequence  termed  mineral 
chemistry,  it  may  be  said  that  the  development  of  organic  chemistry 
was  due  to  the  study  of  products  resulting  from  the  alteration  of  plant 
and  animal  substances.  About  the  close  of  the  last  century  Lavoisier 
demonstrated  that,  when  the  organic  substances  present  in  vegetable 
and  animal  organisms  were  burned,  carbon  dioxide  and  water  were 
alwaj'S  formed.  It  was  this  chemist  also  who  showed  that  the  com- 
ponent elements  of  these  bodies,  so  different  in  proi>erlies,  were 
generally  carbon,  hydrogen,  and  oxygen,  to  which  sometimes — 
especially  in  animal  substances — nitrogen  was  added.  Lavoisier 
farther  gave  utterance  to  the  opinion  that  peculiarly  constituted 
atomic  groups,  or  radicals,  were  to  be  accepted  as  present  in  organic 
substances;  while  the  mineral  substances  were  regarded  by  him  as  the 
direct  combinations  of  single  elements. 

seemed  impossible,  for  a  long  time,  to  prepare  organic  bodies 
from  the  elements  synthetically,  the  opinion  prevailed  that  there 
existed  an  essential  difference  between  organic  and  inorganic  sub- 
stances; and  this  led  to  the  distinction  of  the  chemisiry  of  the  first  as 
Organic  Chemistry,  and  that  of  the  second  as  Inorganic  Chemistry. 
The  prevalent  opinion  was,  that  the  chemical  elements  in  the  living 
bodies  were  subject  to  other  laws  than  those  in  the  so-called  inanimate 
nature,  and  that  the  organic  substances  were  formed  only  in  the 
organism  by  the  intervention  of  a  peculiar  vital  force,  and  that  they 
could  not  possibly  be  prepared  in  an  artificial  way. 

One  fact  sufficed  to  prove  these  rather  restricted  views  to  be  un- 
founded.    The  first  organic  substance  artificially  prepared  was  urea 
17 
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(Wohler,  1828).  By  this  synthesis  chiefly,  to  which  others  were  soon 
added,  the  idea  of  a  peculiar  force  necessary  to  the  formation  of 
organic  compounds  was  contradicted.  All  further  attempts  to  separate 
organic  substances  from  the  inorganic  (the  chemistry  of  the  simple 
and  the  chemistry  of  the  compound  radicals,  p.  34)  were  futile.  At 
present  we  know  that  these  do  not  differ  essentially  from  each  other; 
that  the  peculiarities  of  organic  compounds  are  dependent  solely  on 
the  nature  of  their  essential  constituent,  Carbon ;  and  that  all  sub- 
stances l)elonging  to  plants  and  animals  can  be  artificially  prepared 
from  the  elements.  Organic  Chemistry  is,  therefore,  the  chemistry  of 
the  carbon  compounds.  Its  separation  from  the  chemistry  of  the  other 
elements  is  demanded  by  practical  considerations;  it  is  occasioned  by 
the  very  great  number  of  carbon  compounds  (about  60,000.  See  B. 
29,  607),  which  far  exceed  those  of  any  other  known  element.  The 
carbon  atoms  unite  readily  with  each  other  to  form  oi)en  and  closed 
rings  or  chains.  This  property  carbon  possesses  to  a  greater  degree 
than  any  other  element.  The  numerous  existing  carbon  nuclei  in 
which  atoms  or  atomic  groups  of  other  elements  have  entered  in  the 
formation  of  organic  derivatives  have  arisen  in  this  manner. 

The  impetus  given  to  the  study  of  the  compounds  of  carbon  has  not 
only  brought  new  industries  into  existence,  but  it  has  caused  the  rapid 
development  of  others  of  like  importance  to  the  growth  and  welfare 
of  the  nation.* 

The  advances  of  organic  chemistry  are  equally  important  in  the  investigation  of 
the  chemical  processes  in  vegetable  and  animal  organisms.  This  is  the  office  of 
rhysiological  Chemistry. 


COMPOSITION   OF   CARBON   COMPOUNDS. 

ELEMENTARY  ORQANIC  ANALYSIS. 

Most  carbon  compounds  occurring  in  vegetables  and  animals  con- 
sist of  carbon,  hydrogen,  and  oxygen.  This  was  demonstrated  by 
Lavoisier,  the  founder  of  organic  elementary  analysis.  Many,  also, 
contain  nitrogen,  and  on  this  account  these  elements  are  termed 
Organogens.  Sulphur  and  phosphorus  are  present  in  some  naturally 
occurring  substances.  Almost  all  the  elements,  non-metals  and  metals, 
may  be  artificially  introduced  as  constituents  of  carbon  compounds  in 
direct  union  with  carbon.  The  number  of  known  carbon  compounds 
is  exceedingly  great.  The  general  procedure,  therefore,  of  isolating  the 
several  compounds  of  a  mixture,  as  is  done  in  mineral  chemistry  in  the 
separation  of  bases  from  acids,  is  impracticable.  The  mixtures  occur- 
ring in  vegetable  and  animal  bodies  are  only  separated  by  special 
methods.     The  task  of  elementary  organic  analysis  is  to  determine. 


*  Wirthschaftliche  Bedeutung  cheniischer  Arbeit,  von  H.  Wichelhaus,  1893. 


qualitatively  and  quantitatively,  ihc  elements  of  a  carlx)!)  compound 
after  it  has  been  oblained  in  a  pure  slate  and  characterized  by  definite 
properties,  crystalline  form,  specific  gravity,  melting  point,  and  boiling 
point.  Simple  practical  methods  for  the  direct  delerminaiion  uf 
oxj'geD  do  not  exist.  Its  quantity  is  usually  calculated  by  difference, 
after  the  other  constituents  have  been  found. 


DETERMINATION   0 


ND  HVDROQEN. 


'  The  presence  of  carbon  in  a  substance  is  shown  by  its  charring  when 
ignited  away  from  air.  Ordinarily  its  quantity,  as  also  that  of  the 
hydrogen,  is  a'icertained  by  combustion.  The  substance  is  mixed  in 
a  glass  lube  with  copper  oxide  and  heated.  The  cupric  oxide  gives  up 
its  oxygen,  is  reduced  to  metallic  cop[>er,  while  the  carbon  burns  to 
carbon  dioxide,  and  the  hydrogen  to  water.  In  quantitative  analysis, 
these  products  are  collected  in  separate  vessels,  and  the  increase  in  the 
weight  of  the  latter  determined.  Carbon  and  hydrogen  are  always 
simultaneously  determined  in  one  operation.  The  details  of  the  quan- 
titative analysis  are  fully  described  in  the  textbooks  of  analytical 
chemistry.*     It  is  only  necessary  here,  therefore,  to  outline  the  meth- 

tods  employed.  Liebig  deserves  much  credit  for  his  elaboration  of 
these  methods  (Pogg.  A.  (1831),  ai,  i). 
As  >  usnal  thing,  (he  combostion  «  effecied  by  tbe  Bid  of  copper  oKide  or  fused 
ind  grtnulaled  lead  chromale  in  a  lube  of  hard  glass,  fifty  In  aiily  ceminietres  long 
(depending  upon  the  greater  or  less  volatility  of  the  organic  body).  Substances,  whicb 
burn  with  dimculiy,  sbould  be  mixed  with  Bnely  diiided  cupric  onide,  finely  divided 
lead  chromale,  or  with  cupric  oiide  to  which  polBSsium  bichromntE  has  t«en  added. 
The  coinbuslion  lube  is  drawn  into  a  poinl,  and  the  contracted  end  given  a  bsyoiiet- 
lape  (Ijebig).  or  It  is  open  at  liolli  ends  fOlajcr,  A.  Suppt.  7,  213).  Clo^z  has 
''">  luggested  the  use  of  an  iron  tube  (Z.  anil.  Cb.  3,  413). 
The  lulie  is  placed  in  ■  suitable  furnace,  which  formerly  was  heated  hy  a  charcoal 
but  at  present  gas  Is  exclusively  employed  (A.  W,  Hufmann,  A.  90,  235 ;  107, 
Erlenmeyer,  Sr.,  A.  139,  701  Glaser,  /.  <-. ,-  AotchHu  and  Keku1£,  A.  aiS, 
301 :   B,  as.  2723). 

When  the  tube  has  been  fiUed,  ihe  open  end  is  attached  to  an  apparatus  designed 
to  collect  Ihe  water  produced  in  the  combustion.      The  substances  used  to  retain  the 

I.  A  U-lube  filled  with  carefully  purilied  calcium  chloride,  which  has  been  dried 
•tlSo'C- 

3.  Pure,  concentrated  sutpliuric  acid  contained  in  a  spitalshpped  tube,  or  pumice 
fragmenls,  dipped  in  the  acid,  and  placed  in  a  U-lube  (Mathesius,  Z.  anal.  Ch, 
•3.  i^-i)- 

3.  Pellets  of  glacial  phosphoric  acid,  contained  in  a  U-lube.  The  vessel  intended 
to  receive  the  water  is  in  air-tight  conneciion  wiib  ihe  apparatus  designed  10  absorb 
Ihe  carbon  dioxide.  For  the  latter  purpose  a  Liebig  bulb  was  fonnerly  employed, 
but  later  that  of  Gei'sier  came  into  use.  and  vcrv  recently  Delisle  (B.  34.  271)  baa 
recommended  a  similar  absorption  vessel.      In  commercial  work  U-tubes,  tilled  with 


•  Anieitung    Mir    .Analyse   organiscber    KSrper,   J.    Liebig.       2.    Aufl.    1853, 
■      -ve    chemische    Analyse.      R.    Fre.'.eoius,       6,      Aufl..    Bd.     2.  S.    i-no. 
e  .Analpt  nrgsnischcr  .Sioffe.  von  Vortraann, 
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otUU  or  lead  chromale  the  method  o!  Kopfcr  may  be  substituted.  In  this  platinum 
blntk  is  made  to  cirry  free  oxygen  lo  the  vspora  of  ihe  autMtance.  A  much  shatter 
and  more  simple  corahuslion  furnace  may  then  be  employed.  The  method  is  adapted 
to  the  combustion  of  compounds  containing  ibe  halogens  [Z.  anal.  Ch.  17.  Ij. 
Dudley  has  found  that  a  platinum  inbw,  baring  a  layer  of  granular  manganic  oxide 
in  the  anterior  port,  is  of  great  service  when  substances  are  placed  in  Ixiats  and  ex- 
posed to  combustion  (D.  11,3172). 

When.  nUregfn  is  present  in  the  substances  burned,  oxides  of  it  are  sometimes 
]iroducedi  these  must  be  reduced  10  nitrogen.  This  may  be  accomplished  by  can- 
dueling  the  gases  of  the  combustion  over  a  layer  of  metallic  copper  filings,  or  a 
copper  «pirat,  placed  in  the  front  portion  of  the  combustion  tube.  The  latter.  Id 
Euch  cases,  should  be  a  little  longer  tban  usual.  The  copgier  is  peviously  reduced 
in  a  current  of  hydrogen,  then  ignited,  when  it  often  includes  hydrogen,  which  sub- 
sequently becomes  water.  To  remedy  this,  the  copper  after  reduction  in  a  current 
of  bydrc^en  is  heated  in  an  air-bath  or.  better,  in  a  current  of  carbon  dioxide  or  to 
atxP  in  a  vacuum.  Its  reduction  by  the  vapors  of  formic  acid  or  methyl  alcdiol  11 
more  advantageous  )  ibis  may  be  done  by  pouring  a  small  i^uanlity  of  these  liquids 
into  a  dry  test  tube  and  then  suspending  in  them  the  roll  of  copper  heated  to  redness ; 
copper  thus  reduced  is  perfectly  frte  from  hydrogen. 

It  is  generally  unnecessary  to  use  a  copper  spiral  when  the  combustions  are 
executed  in  open  tubes,  because  nitric  onide  (NO)  only  is  produced,  and  this  passes 
ihiough  the  caustic  potash  unabsoibed  (U.  fli,  306G,  note). 

In  the  presence  oithlorini,  bromini  or  iodint,  halogen  copper  compounds  (CuXj 
arise.  These  are  somewhat  volatile  and  pass  over  into  tbe  calcium  chloride  tube. 
The  placing  of  a  spiral  of  copper  or  silver  fml  in  (be  front  part  of  (he  lut«  will  obvi- 
ate (his.  Sviien  the  organic  compound  contains  sulphur  a  portion  of  the  latter  will 
be  converted  into  sulphui  dioxide,  during  the  combustion  with  cupric  oxide.  This 
may  be  combined  by  introducing  a  layer  of  lead  peroxide  (Z.  anal.  Ch.  17.  l).  Or 
lead  chromate  may  be  substiluled  for  tbe  cupric  oxide.  This  would  convert  the  sul- 
phur into  nonvolatile  lead  sulphate.  In  the  combustion  of  organic  Salts  of  the 
alkalies  or  earths,  a  portion  of  the  carbon  dioxide  is  retained  by  the  base.  To  pre- 
vent this  and  (o  expel  (he  CO,.  Ihe  substance  in  the  boat  is  mixed  with  polasiium 
bichromate  or  chromic  oxide  (B.  13,  1641). 

When  carbon  alone  is  to  be  determined  (his  can  be  elTecled ,  in  many  instances,  in 
the  wet  way,  by  osidatinti  with  chromic  acid  and  sulphuric  acid  [Mcssinger,  U.  ai, 
2910;  compare  A,  373.  151). 

DETBRHINATIOM  OF'  NITROGEN. 

In  many  instances,  the  presence  of  nitrogen  is  disclosed  by  the 
odor  of  barnt  feathers  when  heat  is  applied  to  the  comiiounds  under 
examination.  Many  nitrogenous  substances  yield  ammonia  when 
heated  with  alkalies  (best  with  soda-lime),  A  simple  and  very  delicate 
test  for  the  detection  of  nitrogen  is  the  following  :  Heat  the  substance 
under  examination  in  a  test  tube  with  a  small  piece  of  sodium  or 
potassium.  When  the  substance  is  explosive,  add  dry  soda.  Cyanide 
of  potash,  accompanied  by  slight  detonation,  is  the  product.  Treat 
the  residue  with  water ;  to  the  filtrate  add  ferrotis  sulphate,  containing 
a  ferric  salt,  and  a  few  drops  of  potassium  hydroxide,  then  apply  heal 
and  add  an  excess  of  hydrochloric  acid.  An  undissolved,  blue- 
colored  precipitate  (Prussian  blue),  or  a  bluish-green  coloration,  indi- 
cates the  presence  of  nitrogen  in  the  substance  examined. 

Nitrogen  is  determined  qtianlitatively :  (i)  as  nitrogen,  by  the 
'lethod  of  Dumas ;  (in)  a^  ammonia,  by  the  ignition  of  the  materia! 
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with  soda-lime  (method  of  Will  and  Varrentrap)  ;  (2^)  as  ammonia^ 
by  heating  the  substance  with  sulphuric  acid  according  to  the  direc- 
tions of  Kjeldahl. 

I.  Method  of  Dumas. — The  substance,  mixed  with  cupric  oxide,  is  burned  in  a 
tube  of  hard-glass  in  the  anterior  end  of  which  is  a  layer  of  metallic  copper.  The 
latter  serves  for  the  reduction  of  the  oxides  of  nitrogen.  The  tube  is  filled  with  car- 
bon dioxide,  obtained  by  heating  either  dry,  primary  sodium  carbonate  or  magnesite, 
contained  in  the  posterior  and  closed  end  of  the  tube.  It  can  also  be  filled  from  a 
carbonic  acid  apparatus  of  the  tyi>e  recommended  by  Kreusler  (Z.  anal.  Ch.  24, 
440).  In  the  latter  case  an  open  tube  is  used.  When  necessary  the  carbon  dioxide 
is  dried  by  passing  it  through  sulphuric  acid.  A  more  practicable  procedure  con- 
sists in  evacuating  the  tube,  previous  to  the  combustion,  by  aid  of  an  air-pump, 
filling  in  each  time  with  carbon  dioxide  (A.  233,  330,  note),  or  the  air  may  be 
removed  by  means  of  a  mercury  pump  (Z.  anal.  Ch.  17,  409). 

When  the  combustion  is  ended,  again  apply  heat  to  another  part  of  the  sodium 
carlx>nate  layer,  to  insure  the  removal  of  all  the  nitrogen  from  the  tube  and  its 
entrance  into  the  graduated  tube  or  azotometer,  which  may  have  one  of  a  varit  ty  of 
forms  (Zulkowsky,  A.  182,  296;  B.  13,  1099;  Schwarz,  B.  13,  771  ;  Ludwig,  B. 
13,  883  ;  H.  Schiff,  B.  13,  885  ;  Slaedel,  B.  23,2243  ;  Groves,  B.  13, 1341 ;  Ilinski, 
B.  17, 1348).  The  potassium  hydroxide  in  the  graduated  vessel  absorbs  all  the  dis- 
engaged carbon  dioxide,  and  only  pure  nitrogen  remains. 

Given  the  volume  Vt  of  the  gas,  the  barometric  pressure  /  and  the  tension  s  of  the 
ixiiassiuni  hydroxide  (Wiillner,  Pogg.  A.  103,  529;  no,  564)  at  the  temperature  /  of 
the  surrounding  air,  the  volume  Vo  at  0°  and  760  mm.  may  be  easily  deduced  : 

V  =____XtJ>*-.^) 

®       760  (I  4-  0.003605  /) 

Multiply  Vo  by  0.0012562,  the  weight  of  I  c.c.  of  nitrogen  at  0°  and  760  mm.,  and 
the  product  will  represent  the  weight  in  grams  of  the  observed  gas  volume: 

Vt  (/  — i) 
^  =  76o-(iT'i:^36'6r7)  X 0.0012562. 

The  percentage  of  nitrogen  in  the  substance  analyzed  can  easily  be  calculated  from 
this  quantity. 

Instead  of  reducing  the  observed  gas  volume  V,  from  the  observed  barometric 
pressure  and  the  temperature  at  the  time  of  the  experiment,  to  the  normal  pressure  of 
760  mm.  and  the  temperature  of  0°,  the  reduction  may  l)e  more  readily  effected  by  com- 
parinjj  the  observed  volume  of  gas  or  vapor  with  the  expansion  of  a  normal  gas- 
volume  (100)  measured  at  760  mm.  and  0°.     For  this  purpose  employ  the  equation 

loo 

Vq  =  V ,  in  which  v  represents  the  changed  normal  volume  (loo).     The  appara- 

V 

tus  recommended  by  Kreusler  (B.  17,  30)  and  Winkler  (B.  18,  2534),  or  even  the 
Lunge  (B.  18,  2030 ;  23,  440;  24,  1656,  3491 ;  J.  A.  MUller,  B.  26,  R.  388)  nitrom- 
eter will  answer  very  well  for  this  purpose,  or  the  nitrogen  may  be  collected  in  a  ^v/j- 
bivoscope  (B.  27,  2263). 

Frankland  and  Armstrong  conduct  the  combustion  in  a  vacuum,  and  dispense  with 
the  layer  of  metallic  copper  in  the  anterior  portion  of  the  tube.  If  any  nitric  oxide 
is  formed  it  is  collected  together  with  the  nitrogen,  and  is  subsequently  removed  by 
absorption  (B.  22.  3065). 

Consult  the  Z.  anal.  Ch.  17,  409;  E.  Pfliiger,  ibid.^  18,  296;  andjannasch  and  V. 
Meyer,  A.  233,  375  for  methods  by  which  carbon,  hydrogen,  and  nitrogen  are  deter- 
mined simultaneously. 

See  Gehrenbeck  (B.  22,  1694)  when  a  method  is  desired  for  the  simultaneous 
estimation  of  nitrogen  and  hydrogen  in  cases  where  the  carbon  was  determined  in 
the  wet  wav. 
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For  Ihe  simultaneous  delerminalion  of  catbon  and  nitroEen,  see  Klingemann, 
■75.  92- 
2.  Meifaodof  Will  and  Vaneotrap.— When  mas!  niirogenous  organic  com- 
pouniU  (nilro'derivBtiies  cxcepteilj  ore  ignited  with  albilies,  all  tbe  nitrogen  is  climl- 
naled  in  the  form  of  ammonia  ga.  Mit  the  weiglied,  finely  pulverized  subiiance 
with  soda-lime  (about  10  parts),  place  the  mixture  in  a  combustion  tube  about  30  cm. 
in  length,  and  Ml  in  with  soda-lime.  In  Ihe  open  end  of  the  tube  (here  is  placed  a 
rubber  stopper  beating  a  bulb  apparatus, in  which  thereis  dilute  hydrochloric  acid. 
The  anlerior  portion  ufthe  tube  is  Tirst  heated  in  the  furnace,  then  that  containing  the 
mixture.  To  cany  all  tbe  ammonia  into  the  bulb,  conduct  air  Ihrough  Ihe  lube,  afier 
breaking  off  the  poiul.  The  ammoaium  chloride  in  ihe  bydrochloric  acid  11  piecipi- 
taled  with  plattnic  chloride,  as  amtnonio-plallnum  chloride  (Pta,.zNH,Cl),  Ibe 
precipitate  igniled,  and  Ihe  residual  Pi  weighed  ;  1  atom  of  Pt  corresponds  to  x  mole- 
cules of  NHj  or  2  atoms  of  nitrogen. 

Ur  having  placed  a  delinile  volume  of  acid  in  the  apparatus.  Ihe  excess  iFler  tbi^ 
ammonia  absorption  may  be  determined  volumelrically,  using  fluoreseeTn  or  methyl 

Generalty,  too  little  nitrogen  Is  obtained  by  Ibis  method.  A  portion  of  Ihe  ammo- 
nia suffers  decomposition.  This  is  avoided  by  adding  sugar  to  the  mi  Mure  of  sub- 
stance and  soda-lime,  and  by  not  healing  the  tube  too  intensely  (Z.  anal,  Ch.  19,91). 
It  is  also  advisable  to  iill  up  the  lube  with  soda- lime  as  far  as  is  possible  (Z,  anal,  Ch. 
■  1.  ISO). 

The  method  of  Will  and  V'arrenlrap  is  miide  more  widely  applicable  by  adding 
reducing;  substances  to  tbe  soda-litne.  Ijoldberg  {B.  16,  2549)  uses  a  iniituTe  of 
soda-lime  (100  ports),  stannous  sulpbide  {too  parts),  and  sulphur  (zo  parlsi ;  this  he 
considers  especially  advantageous  in  estimating  the  nitrogen  of  nitro-  and  azo  com- 
pounds. For  nitrates,  Arnold  ( I!.  18.  K06)  employs  a  mixture  of  soda-lime  (2  parts), 
sodium  hyposulphite  (l  pari],  and  sodium  formate  (I  part). 

3,  Method  of  Kjeldahl.— The  »ubatance  is  dissolved  by  heating  if  with  concen- 
'  iulphuric  acid.  I'olassium  permanganate  is  then  added  until  a  green  color 
This  treatment  decomposes  ibc  organic  mslter ;  in  nitrogen  is  converted 
nia.  Afler  the  liquid  has  been  diluted  with  water  the  ammonia  is  eipelled 
it  by  boiling  wiib  sodium  hydroxide  |Z.  anal.  Ch,  la,  366).  This  method  is 
ill  adapted  for  the  determination  of  the  nitrogen  of  plants  and  animal  substances; 
compare  urea.  When  eslirooling  the  nitrogen  of  nitro-  and  cyanogen  compounds  il 
will  be  found  decidedly  advanlageous  to  add  sugar,  and  with  nitrates,  benzoic  acid. 
The  addition  of  potassium  permanganate  will  usually  be  unnecessary,  while  that  of 
mercuric  oxide  is  said  to  be  highly  advantageous  (II.  18,  It.  199,  397).  Pyridine  and 
(juinoline  cannot  be  analysed  by  this  method  (B.  ig,  R.  367,  36S). 

The  Kjeldahl  method  for  ihe  determination  of  nitrogen  has  rapidly  become  a  favo- 
rite in  both  scientific  and  technical  work.     The  simplicity  of  operation  and  of  appa- 
ratus has  been  its  chief  recommendation.     A  number  of  parallel  determinations  can 
^^  simultaneously  petfonned  in  this  way.        The  numerous  modilicalions    of  the 
fbethod,  which  have  been  proposed  to  render  it  generally  applicable,  have  not  yel 
^Kiined  their  aim  and  purpose. 

^f  Mote, — The  nitrogen  of  nitio-  and  nitroso-compounds  con  be  determined  indi- 
reclly  with  a  titrated  solution  of  stannous  chloride.  The  latter  converts  the  groups 
NO,  and  NO  into  the  amide  group,  with  the  production  of  stnooic  chloride.  Tlie 
quantity  of  the  latter  is  learned  by  titrnling  the  excess  of  stannous  salt  wiLh  un 
iodine  solution  (Method  of  Limpricht,  B,  11,  40). 


■ted  sul;;hur 
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I  DETERMINATION  OF  THE  HALOGENS, 


AND  PHOSPHORUS. 


lQua/f(a/ivf  DeUctiott ;  .Substances    containing   chlorine  and  \\rn- 
fine  yield,  when  Uinied,  aflame  having  a  green-tinged  border.  Thefnl- 
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lowing  reaction  is  exceedingly  delicate.  A  little  cupric  oxide  is  placed 
on  a  platinum  wire,  ignited  in  a  flame  until  it  appears  colorless,  when 
a  little  of  the  substance  under  examination  is  put  on  the  cupric  oxide 
and  this  heated  in  the  non -luminous  gas  flame.  The  latter  is  colored 
an  intense  greenish-blue  in  the  presence  of  chlorine,  bromine,  or 
iodine.  More  decisive  is  to  ignite  the  substance  in  a  test  tube  with 
burnt  lime  (free  from  halogens),  dissolve  the  mass  in  nitric  acid,  and 
then  add  silver  nitrate. 

The  presence  of  sulphur  is  often  shown  by  fusing  the  substance 
examined  with  potassium  hydroxide;  potassium  sulphide  results,  and 
produces  a  black  stain  of  silver  sulphide  on  a  clean  piece  of  silver,  or 
by  heating  the  substance  with  metallic  sodium  and  testing  the  aqueous 
61trate  for  sodium  sulphide  with  sodium  nitroprusside.  In  estimating 
sulphur  and  phosphorus  ignite  the  weighed  substance  with  a  mixture 
of  saltpeter  and  potassium  carbonate.  The  resulting  sulphuric  and 
phosphoric  acids  are  sought  for  by  the  usual  methods. 

Quantitaiive  Determination  :  A  bard  glass  tube,  closed  at  one  end,  and  about  33 
cm.  in  length,  is  partly  filled  with  calcium  oxide,  then  the  mixture  of  the  substance 
with  lime,  followed  by  a  layer  of  calcium  oxide.  The  latter  should  be  free  of 
chlorine.  Heat  the  tube  in  a  combustion  furnace  ;  after  cooling  shake  its  contents 
into  dilute  nitric  acid,  filter,  add  silver  nitrate  and  weigh  the  precipitated  silver 
haloid. 

The  decomposition  is  easier,  if  we  substitute  for  lime  a  mixture  of  lime  with  }(. 
part  sodium  carbonate,  or  I  part  sodium  carbonate,  with  2  parts  potassium  nitrate, 
and  in  the  case  of  substances  volatilizing  with  difficulty,  a  platinum  or  porcelain  cruci- 
ble, heated  over  a  gas  lamp,  may  be  used  (A.  195,  295  and  zgo,  40).  With  com- 
pounds containing  iodine,  iodic  acid  is  apt  to  form ;  but  after  solution  of  the  mass  this 
may  be  reduced  by  sulphurous  acid.  The  volumetric  method  of  Volhard  (A.  190,  i) 
for  estimating  halc^ens  by  means  of  ammonium  sulphocyanide  may  be  employed 
instead  of  the  customary  gravimetric  course. 

The  same  decomposition  can  also  l>c  effected  by  ignition  with  iron,  ferric  oxide 
and  sodium  carbonate  (E.  Kopp,  \l.  xo,  290). 

The  substances  containing  the  halogens  may  also  be  burned  in  oxygen.  The 
gases  are  conducted  over  platinized  quartz  sand,  and  the  products  collected  in  suitable 
solutions  (Zulkowsky,  B.  x8,  R.  648). 

The  substances  maybe  burned  in  an  open  combustion  tube  in  a  current  of  oxygen, 
conducting  the  products  through  a  layer  of  pure  granular  lime  (or  soda-lime),  which 
is  placed  in  the  same  tube  and  raised  to  a  red  heat.  Later,  the  lime  is  dissolved  in 
nitric  acid,  the  halogens  precipitated  by  silver  nitrate,  the  sulphuric  acid  by  barium 
chloride  and  the  phosphoric  acid  (after  removal  of  the  excess  of  silver  by  HCl)  by 
uranium  acetate.  Arsenic  may  be  determined  similarly  (Briigelmann,  Z.  anal.  Ch. 
15,  I  and  x6,  I).  Sauer  recommends  collecting  the  sulphur  dioxide,  arising  in  the 
combustion  of  the  substance,  in  hydrochloric  acid  containing  bromine  {ibid.  12, 178). 

To  determine  sulphur  and  the  halogens  by  the  method  suggested  by  P.  Klason 
(B.  19, 1910),  the  substance  is  oxidized  in  a  current  of  oxygen  charged  with  nitroso- 
vapors.  The  products  of  combustion  are  conducted  over  rolls  of  platinum  foil.  Con- 
sult Th.  Poleck  (Z.  anal.  Ch.  22,  171)  upon  a  method  which  is  applicable  for  the  esti- 
mation of  the  sulphur  contained  in  coal  gas. 

A  method  of  frequent  use  for  the  determination  of  the  halogens, 
sulphur  and  phosphorus  in  organic  bodies  is  that  of  Carius  (Z.  anal. 
Ch.  I,  240;  4,451;  10,  103;  Linnemann, /^/V/.  11,325;  Obermeyer, 
B.  20,  2928). 
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I  The  substance,  weighed  out  in  a  small  glass  lube,  is  heated  together 
th  concentrated  nitric  acid  and  silver  nitrate  to  150-300°  C,  in  a 
sealed  tube,  and  the  quantity  of  the  resulting  silver  haloid  (B.  28,  R. 
478,  864)  sulphuric  acid  and  phosphoric  acid  determined.  The  furnace 
of  ilabu  (B.  13,  laig)  is  especially  adapted  for  the  heating  (tf  lubes. 
The  results  by  this  method  are  not  always  reliable  (A.  223,  184V 

In  many  instances,  especially,  when  the  sul)stances  are  soluble  in 
water,  the  halogens  may  be  separated  by  the  action  of  sodium  araalgain, 
and  converted  into  salts,  the  quantity  of  which  is  determined  in  the 
filtered  liquid  (Kekuli,  A.  Suppl.  1,  340). 

Sulphur  and  phosphorus  can  often  be  estimated  by  the  wet  method. 
The  oxidation  js  effected  by  means  of  potassium  permanganate  and 
caustic  alkali,  or  with  potassium  bichromate  and  hydrochloric  acid 

IMessiiiger,  B,  21,  2914^ 
The  elementary  analysis  affords  the  percentage  composition  of  the 
analyzed  substance.     There  remains,   however,  the  deduction  of  the 
atomic- molecular  formula. 

We  arrive  at  the  simplest  ratio  in  the  number  of  elementary  atoms 
contained  in  a  compound,  by  dividing  the  percentage  numbers  by  the 
respective  atomic  weights  of  the  elements. 

Thus,  ihe  analysis  of  Uclic  acid  gave  the  following  percentage  composition  :  — 

CnrboD 40.0  per  cent. 

Hydrogen 6.6         '■ 

Oxygen 5J.4        "         (by  dilfercncc). 


DETERMINATION  OF  THE  MOLECULAR  FORMULA." 


I 


lidmg  these  numbers  by  Ihe  corresponding  weights  (C  =:  ii,  H  =  i,  O  =  16), 
''  "  iwing  quotients  ate  otilaioed  : — 


Therefore,  the  ratio  of  the  number  of  atoms  of  C,  H  and  O.  in  ibe  lactic  acid,  is  as 
3.3:6.6:3. jor  I;j;  I.  The  simplest  atomic  formula,  then,  would  be  CH,0 ; 
however,  it  lemsins  undetermined  what  multiple  of  this  formula  eicpresses  the  trw 
composition.  The  lowest  formula  of  a  compound,  by  which  is  expressed  the  ratio  of 
the  atoms  o(  other  elements  to  those  of  the  carbon  atoms,  is  an  tmpiric  /grmuln. 
Indeed,  we  arc  acquainted  with  different  substances  having  the  empiric  formula 
CH,0,  for  einmple  onymethylene,  CH,0,  acetic  acid,  C,H,0,,  lactic  acid,  C,ll,(l,, 
prape  sugar,  C,H|jO,,  etc. 


^m  Wit: 

^H^*D<e 

E 


With  compounds  of  complicated  structure,  the  derivation  of  the 


*D<e  Beitimmun^  dfs  MalecuUrgewichts  in  tbEoretiicher  und  practucher  liez 
K.  Wmdiscli,  lS9t. 
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sim{)lest  formula  is,  indeed,  unreliable,  because  various  formulas  may 
be  deduced  from  the  percentage  numbers  by  giving  due  regard  to  the 
possible  sources  of  error  in  observation.  The  true  molecular  formula, 
therefore,  can  only  be  ascertained  by  some  other  means.  Three 
courses  of  procedure  are  open  to  us.  First,  the  study  of  the  chemical 
reactions,  and  the  derivatives  of  the  substance  under  consideration. 
Second,  the  determination  of  the  vapor  density  of  volatile  substances. 
Third,  determining  certain  properties  of  the  solutions  of  soluble  sub- 
stances. 

(i)  Determination  of  the  Molecular  Weight  by  the  Chemical 

Method, 

This  is  applicable  to  all  substances.  It  is  generally  very  compli- 
cated, and  does  not  invariably  lead  to  definite  conclusions.  It  con- 
sists in  preparing  derivatives,  analyzing  them  and  comparing  their 
formulas  with  the  supposed  formula  of  the  original  compound.  The 
problem  becomes  simpler  when  the  substance  is  either  a  base  or  an 
acid.  Then  it  is  only  necessary  to  prepare  a  salt,  determine  the 
quantity  of  metal  combined  with  the  acid,  or  of  the  mineral  acid  in 
union  with  the  base,  and  from  this  calculate  the  equivalent  formula. 
A  few  examples  will  serve  to  illustrate  this. 

Prepare  the  silver  salt  of  lactic  acid  (the  silver  salts  are  easily  obtained  pure,  and 
generally  crystallize  without  water)  and  determine  the  quantity  of  silver  in  it.  We 
find  54.8  per  cent,  of  silver.  As  the  atomic  weight  of  silver  =  107.7,  the  amount 
of  the  other  constituent  combined  with  one  atom  of  Ag  in  silver  lactate,  may  be 
calculated  from  the  proportion — 

54.8  :   (100  —  54.8)  :   :    107.7  :   x 
X  =  89.0. 

Granting  that  lactic  acid  is  monobasic,  that  in  the  silver  salt  one  atom  of  hydrogen  is 
replaced  by  silver,  it  follows  that  the  molecular  weight  of  the  free  (lactic)  acid  must 
=  89  -|-  ^  =  90-  Consequently,  the  simplest  empiric  formula  of  the  acid,  CHjO 
=  30,  musi  be  tripled.  Hence,  the  molecular  formula  of  the  free  acid  is  CjHgOj  = 
90; 

Ts  =  36, 40.0 

He-    6, 6.7 

O3---48, 53-3 

In  studying  a  base,  the  platinum  double  salt  is  usually  prepared.  The  constitu- 
tion of  these  double  salts  is  analogous  to  that  of  ammonio-platinum  chloride — 
PiC^^.2(NHjHCl) — the  ammonia  being  replaced  by  the  base.  The  quantity  of 
platinum  in  the  double  salt  is  determined  by  ignition,  and  calculating  the  quantity  of 
the  constituent  combined  with  one  atom  of  Pt  (198  parts).  From  the  numl>er 
found,  subtract  six  atoms  of  chlorine  and  two  atom<i  of  hydrogen,  then  divide  by 
two  ;  the  result  will  be  the  equivalent  or  molecular  weight  of  the  base. 

Or,  the  substance  is  subjected  to  reactions  of  various  kinds,  e.g.^  the  substitution 
of  its  hydrogen  by  chlorine.  The  simplest  formula  of  acetic  acid,  as  described  al>ove, 
is  CH,0.  By  sub:>titution  three  acids  can  be  obtained  from  acetic  acid.  These,  u|X)n 
treatment  with  nascent  hydrogen,  revert  to  the  original  acetic  acid.     They  are — 

CjHjClO, — monochloracetic  acid, 

CjHjC^ljC)^ — dichloracetic  acid,  and 

CjHCljO,— trichloracetic  acid. 
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Knowing  the  molecular  value  of  an  analyzed  compound,  it  will 
^ften  be  neces-sary  to  raiilliply  its  emphif  formula  to  obtain  one  which 
"■fill  express  the  number  of  atoms  contained  in  the  molecule.  This 
T|ill  be  the  empiric  molecular  formula. 


(a)  Determination  of  the  Molecular  Weight  from  Ihc  Vytpor 
Density. 
I  This  method  is  limited  to  those  substances  which  can  be  gasified 
i  volatilized  without  suffering  decomposilion.  It  is  based  upon  the 
»  of  Avogadro,  according  to  which  equal  volumes  of  all  gases  and 
vapors  at  like  temperature  and  like  pressure  cuniain  an  equal  number 
of  molecules  (see  v.  Richter's  Inorganic  Chemistry).  The  molecular 
weights  are,  therefore,  the  same  as  the  specific  gravities,  As  the  spe- 
cific gravity  is  compared  with  H  ^:  i,  but  the  molecular  weights  with 
H,  =  2,  we  ascertain  the  molecular  weights  by  multiplying  the  specific 
gravity  by  two.  Should  the  specific  gravity  be  referred  to  ait  =^  i, 
then  the  molecular  weight  is  equal  to  the  specific  gravity  multiplied 

Ia8.86  (since  air  is  14.43  1'™^^  heavier  than  hydrogen). 
Moltciihit  Wrighi.  Specific  GravHy, 

Air —  —  14.43  ' 

Hydrogen H,  =:  a  1  0.0693 

Oxygen O,  ^  ji.ga  15.06  11060 

WMcr. H,0        =17-96  898  0  6*2 

MelhRDc CHj        =  15.97  7.98  0,553 

The  results  arrived  at  by  the  chemical  method,  by  transpositions, 

and  those  obtained  by  the  physical   method,  by  the  vapor  density — 

are  always  identical.     Experience  teaches  this.      If  a  deviation  should 

I    occur,  it  is  invariably  in  consequence  of  the  substance  suffering  decom- 

^HDosition,  or  dissociation,  in  its  conversion  into  vapor. 

^^T   Two  essentially  different  principles  underlie  the  methods  employed 

in  determining  the  vaptor  density.     According  to  one,  by  weighing  a 

vessel  of  known  capacity  filled  with  vapor,  we  ascertain  the  weight  of 

the  latter — method  of  Dumas  and  Bunsen.     Or,  in  accordance  with 

ihe  other  principle,  a  weighed  quantity  of  substance  is  vaporized  and 

the  volume  of  the  resulting  vapor  determined.     In  this  case  the  vapor 

volume  may  be  directly  measured — methods  of  Gay-Lussac  and  A.  W. 

Hofmann  ;  or  it  may  be  calculated  from  the  equivalent  quantity  of  a 

liquid  expelled  by  the  vapor — displacement  methods.     The  first  three 

^^diethods,  of  which  a  fuller  description  may  be  found  in  more  extended 

^^■ft-books,*  are  seldom  employed  at  present  in  laboratories,  liecause 

^^He  recently  published   method   of  V.  Meyer,  characterized  by  sim- 


plicity  in  execution,  affords  sufficiently  accurate  results  for  all  ordinary 

jiurpfises. 

Method  of  Victor  Meyet. — Vap<»  densilir  detenninitioo  hj  air  liisplacfmerU* 
According  lo  this  >  weighed  quanlity  of  substance  ii  Taporized  in  an  enclcaed  space, 
when  it  displaces  an  equal  vo'ume  of  air,  which  is  measured.  Fig.  3  tepreienu  the 
ap)iaralu9  constructed  for  this  purpose.  It  consists  of  a  narrow  glass  tube,  lo  which 
is  fusrd  the  cylindrical  vessel,  A.  The  upper,  somewhat  enlarged  opening,  B,  is 
closed  wilh  a  caoutchouc  stopper.  There  is  also  a  short  capillary  gas-deliver]'  tube, 
C,  intended  to  conduct  o -     .      -    ..  ....... 


the  displaced   aii.      It  terminates 

a  the  water  bath,  D. 

The  substance  is  weighed  oul 

in  a  small  glass  tul>e 

provided  with  a  stopper,  and  v 

escaping  air  Is  cotlecled  in  the 

vapor. bath,  used  in  healing,  co 

ntists  of  a  wide  glass 

cylinder,  F,'^  whose  lower,  somewhat  enlarged  end, 
is  closed  and  tilled  with  a  liquid  of  known  boiling 
point.  The  liquid  employed  is  determined  by  the 
substance  under  esaminalion  ;  its  boiling  point  must 
be  above  that  of  the  latter.  Some  of  the  liquids  in 
use  are  water  (IOO°},  lylene  (about  I40°l.  aniline 
(184°),  ethyl  benioate  (ZI3°).  amyl  benwate  (261°), 
and  dipbenylamine  (310°) 

The  vapor  density,  S,  equals  the  weight  of  the 
vapor,  P  (aHbrded  by  the  wvight  of  (he  substance 
employedl,  divided  by  the  weight  of  an  equal 
volume  of  air,  P' — 


S^ 


.,   of  a 


"  and  760  n 


r  volume  Vt,  found  at  the 

observed  lempcrnture  is  under  the  pressure  /  —  s, 
in  which  /  indicates  the  barometric  pressure  and  s 
the  tension  of  the  aqueous  vapor  at  temperature  f. 
The  weigh!  then  would  be — 


P'  =:  0,001193.      ^l- 


O.OOJ67  t 


760 


■t 


Consequently  the  vajxir  density  sought  is — 

s  =  ^- ('  +  0-00367  '■)1(<o 

O001J9J.     V,  (,/—,) 

The  displaced  air  may  be  collected  in  the  g<jshare- 
j(d/<  (compare  p.  22).      (B.  37,  J26;.) 

V.  Meyer's  method  yields  results  that  are  jierfertly 
satisfactory  y'rn^/r>fl//|',  although  not  without  some  slight  error  in  [irinciple.  How- 
ever, they  answer,  because  in  deducing  Ilie  molecular  weight  from  the  vagKir  density, 
rclntively  lat^c  numbers  are  considered  and  the  little  differences  discarded.  A  greater 
inaccuracy  may  arise  in  the  method  in  filling  in  the  substances  as  described,  because 
air  is  apt  to  enter  the  vessel.  L.  Meyer  (B.  13,  991I,  Piccard,  (ihiJ.  13,  1080), 
Mnhlmann  [ibid.  18.  16x4),  and  V.  Meyer  and  Biltz  {ibU.  IT,  6Sg|  hare  suggested 
ditfetent  devices  to  avoid   this  source  of  error.     To  lest   llic  decomposal'ility  of  tiie 

*B.  II,  1867,  J2SJ.  f  n.  19,  1S62. 

X  It   is  simpler  to  make  the  reduction  to  760  mm.  and  0°  by  comparison  with  a 
normal  volume  (p.  23). 
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pcrimcDI,  heat  ■  small  portion  of  it  in  ■  glftM 
lib  piovi<led  Willi  s  Inng  poinl  (K.  14,  1466I, 

SnbslBnees  boiling  alcove  300'  are  healed  m  a  lead-balh  (B.  xt,  225S)-  Porcel.in 
vessels  are  used  when  the  temperature  required  is  so  high  >s  lo  mell  gius,  and  llie 
heating  is  candncted  in  gat  ovens  (B.  la,  11 11).  Wheie  air  alfccu  the  tututftaces 
in  vapor  form,  the  apparatus  is  filled  with  pure  nitrogen.  (Compare  B.  18,2809;  ai. 
688.)  When  ll>e  substances  under  inveitigalion  attack  thepurcelain,  tubes  ofplBiinum 
arc  aubstituied  Tarlhe  latter.  These  are  enclosed  in  glazed  porcelain  lubes,  and  healed 
in  furnaces  (B.  13,2204;  Z.  phys.  Ch.  1,146;  B.ai,638).  This  form  of  appa- 
rmus  allows  of  the  simultaneous  dctermi nation  of  temperature  (H.  ij,  I4I ;  '/.,  pliys, 
'"    "    '53)- 

modihcalinns  in   methods  of  deteimining  Ibe   density  of  e^'^i  consult  V. 

B.  I5t  137.  Upland  3771;  LaogerandV.  Mej-er.  Pyrotechnische  I'ntctsuch- 

1S85;  Crafts.  It.  13,  S51,  14,  356,  and  16.  457.     For  air-Laihs  and  regula- 

'    Meyer,  B.  16,1087;  17,478. 


i 


R.   604},  Eyckinanu  (B.  32,  3754),  V.  Meyi 
(B.  33,  919,  note).  Neube^  (B.  Ui  7^9.  25431- 

For  the  method  of  Nilson  and  Petlerssnn,  see  B.  17,  9S7 
Ch.  33,  I,     See  B.  21,  2767,  for  the  method  of  Biltz. 


id  Demulh  (B.  23,  3I1 , 
9.  R.  f 


(3)   Determination  of  the  Molecular  Weight  of  Suhstances  when  in 

Solution^ 

I.  By  Means  of  Osmotic  Pressure. — Recently  van  't  HolT{Z. 
pliys.  C'li.  1,  4S1  ;  3,  198;  I!.  27,  6)  has  developed  an  exceedingly 
imporlant  theory  in  regard  to  solutions.*  According  lo  this  new  idea 
chemical  stibslances,  when  in  dilute  solution,  exhibit  a  deportment 
similar  to  that  observed  when  in  a  gaseous  or  vapor- form  ;  therefore, 
the  laws  applicable  to  gases  (Boyle,  Gay-LiL-sac,  and  Avogadro) 
l>ossess  the  same  value  for  solutions.  We  know  that  the  gas-part icle.s 
exert  pressure,  and  ic  is  also  true  that  the  panicles  of  compounds, 
when  dissolved,  exert  a  pressure,  which  is  directly  expressed  or  shown 
by  the  osmotic  phenomena,  and  hence  It  is  termed  osmotic prtssure . 
""his  pressure  is  equal  to  that  which  would  be  exerted  by  an  equal 
>iini  of  the  substance,  if  it  were  converted  into  gas,  and  occupied 
same  volume,  at  ihe  same  temperature,  as  the  solution.  Solutions 
laining  molecular  quantities  of  tiifferent  substances  exert  ihe  same 
.iressure.  It  is,  therefore,  possible,  as  in  the  case  of  gas- 
pressure,  to  directly  deduce  the  molecular  weight  of  the  substances  in 
scilutiiin  from  this 


1  Pfeffci  determines  osmMic  pressure  by  means  of  arlifidal  cells,  having  semi- 
..  .  .  'alls.  If  suitably  modified  this  method  promises  lo  be  of  wide  applica 
ty  (Lndcnburg.  B,  ai,  1225). 

*^  flasmnlylU  melkod  oi  de  Vrics  (Z.  phys.  Ch.  3,415).  employed  in  delerniin- 
tmolJC  pressure,  is  based  upon  the  use  of  living  plant  cells. 
0  calculate  the  molecular  weight,  malie  use  of  the  general  formula  for  gases  : 
i  RT,  in  which  R  represents  a  constant,  and  T  the  absolute  temperature,  ealcu- 


1890;  Lotbar  Me^er, 
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lated  from  —  273°  forward.  If  this  equation  js  also  to  include  the  law  of  Avogadro 
(that  the  molecular  weights  of  gases  or  dissolved  substances  occupy  the  same  ▼olume 
at  like  temperature  and  pressure),  then  molecular  quantities  of  the  substances  must 
always  l>e  taken  into  consideration.  The  constant  equals  84500  for  gram  molecti- 
lar  weights  (2  grams  hydrogen,  or  31.92  grams  oxygen)  at  the  temperature  c^  (or 
273°),  and  the  pressure  (gas  or  osmotic  pressure)  of  76  cm.  of  mercury. 

p  .  V  =  84500  .  T.* 

V  represents  the  volume  corresponding  to  the  gram  molecular  weight  (v  = ,  in 

which  a  is  the  weight  in  grams  of  I  c.cm.  of  the  gas,  or  dissolved  substance,  con- 
tained in  I  c.cm.  of  the  solution).     Substituting  figures  the  formula  would  read : 

M 

P   •    13S9X-      =84500  (273 -|-t),  with  the  four  variables  p,  M,  a  and  t.     If 
a 

three  of  these  be  given  the  fourth  can  be  calculated.     Consequently,  the  molecular 

weight  M  is  found  from  the  formula: — 

M  :=^  *  •  84500  (273  4-  t)  ^  a  .  6218  (273  -h  t) 
P-  13-59  P 

2.  From  the  Lowering  of  the  Vapor  Pressure  or  the  Elevation  of  the 
Boiling  Point. — The  lowering  of  the  vapor  pressure  of  solutions  is  closely  allied  to 
osmotic  pressure.  It  is  a  known  fact  that  solutions  at  the  same  temperature  have  a 
lower  vapor  pressure  (P)  than  the  pure  solvent  (f),  and  consequently  boil  at  a  more 
elevated  temperature  than  the  latter.  The  lowering  in  pressure  (f —  f)  is  in  propor- 
tion to  the  quantity  of  the  substance  dissolved  (Wiillner).   This  harmonizes  with  the 

f f/ 

equation =kg,  in  which  k  represents  the  **  relative  lowering  of  the  vapor 

pressure"  I  -IT-    I  for  i  per  cent,  solutions,  and  g  their  percentage  content. 

If  the  lowering  be  referred  not  to  equal  quantities,  but  rather  to  molecular  quanti- 
ties of  the  substances  dissolved,  it  will  be  discovered  that  equi-molecular  solutions 
(those  containing  molecular  quantities  of  the  different  substances  in  equal  amounts  in 
the  same  solvent)  show  equal  lowering — the  molecular  vapor  pressure  lowering  is  con- 
stant : — 

f 

Again,  on  comparing  the  relative  lowering  of  vapor  pressure  in  different  solvents, 
it  will  be  found  also  that  they  are  equal,  if  equal  amounts  of  the  substances  are  dis- 
solved in  molecular  quantities  of  the  solvent.  In  its  broadest  sense  the  law  would 
read  :  The  lowering  of  vapor- pressure  is  to  the  vapor- pressure  of  the  solvent  (f )  as  the 
number  of  molecules  of  the  dissolved  body  (n)  is  to  the  total  number  of  molecules 
(n  +  N):- 

f— P  n 


n-hN. 


Substituting  the  quotients    ^-  and (g  and  G  represent  the  weight  quantities 

m  M 

*  R  =  P_  Y. ;  p  =  1033  =  76  X  1359  (sp.  gr.  of  mercury) ;  v  =  22330  =  32.92/ 

0.001430  (wt.  of  I  c.cm.  of  oxygen).    R  =  L^?j3  X  22330 

273 


WKItHT. 


IDETEKMINATtON  O 
the  suUlance  and  llie  aoltenl ;  m  and  M  are  iheir  molecular  weights),  tor  n  and 
il  will  \te  easy  to  takuUte  tlie  molecular  weigbu. 
¥.  M.  RaouU  {1887)  developed  thtsc  rule*  empirically.  Soon  iherenricr  van  'I 
HofT  (Z.  phyi.  Ch.  3,  1 15)  deduced  them  (beoieticdly  (roai  tbe  osmotic  pre^ure. 
rhey  are  only  of  value  for  non-voUtile  (as  compared  with  Ibe  solvetit)  tubstances, 
or  mch  as  volatiliie  with  difficulty.  The  same  abnormalities  observed  with  osmotic 
|iresiure  and  depreuion  in  the  freeiing  point  also  appear  here. 

The  methods  for  the  detenoination  of  vapor- pressure  ate  yet  loo  little  known  and 
primitive  in  their  nature  to  be  applied  in  the  practical  determination  of  molecular 
weights  (B.  aa,  1084 ;  Z.  pbys.  Ch.  4,  53S].  It  is  easier  to  determine  the  rise  in 
tbe  boiling  points;  this  ii  also  more  reliable  (Beckmsan,  Z.  pbys.  Ch.  4,  539 ;  6, 
437;  8.  213;   15.  656;   U,  17.  R.  727;  a8,  R.  432). 

Method  of  Beclcmann. — A  small  flask  (Fig.  3)  provided  with  three  labuturea  is 
used  ax  tbe  boiling  vessel.  A  platinum  wire  1  is  fused  into  its  bottom,  litis  accel- 
erates the  boiling.  The  flask  la  filled  one-half  (/)  with  glius  beads.  The  wide 
side-lube  O  supports  an  accurate  thermometer  (Walfetdin),  which  reaches  to  (he 
contents  of  the  veiise I.  Later  its  mercury  reservoir  is  wholly  immersed  in  tbe  so!  vent. 
The  condenser  fl  is  fixed  In  i,  so  that  the  vapors  c 
opening  J,  Its'  lower  end  should  terminate  ahoul  I  c 
order  that  rising  vapor-bubbles  do  not  retard  the  re- 
mming  liquid.  The  flask,  closed  with  stojtpers,  is 
larefully  weighed  to  cenligtams.  and  tbe  solvent 
introduced  until  its  level  is  at  t.  Its  quantity  is 
found  by  reweighing.  The  boiling  vessel  is  now 
aunded   by  an  asbestos  manllc.  filled  < 


H'ith   c 


The 


relumlube   B  is 

conne 

ted    with 

r,  if  the  m 

flai  IS 

attacked 

Liebig 

Not 

the   bni 

I  Sox  b  let  bulb- 
nith  an  ordinary 
ig  point  of  the 
r  the  introduction  of  the  substance 
through  the  tube  C,  determine  the  boiling  point  a 
second  time.  In  this  way  we  ascertain  the  rise  in 
boiling  point,  Beckmann  boa  so  modified  this  ai^a- 
mlus  OS  to  make  it  applicable  to  solvents  having  high 
boiling  points  (Z,  phys.  Ch.  8, 113}.  S.  Arrheniua  has 
deduced  a  formula  for  molecular  rise  tn  boiling  point, 
which  is  perfectly  an»li^ous  to  that  deduced  by  van  't 
HolT  for  ihe  molecular  depression  of   the  freezii 


pomi 


The  moleculai   r 


:    d  =  o 


T" 


F 


which  T  represents  Ihe  absolute   boiling  point,  and  w  the  iieal  of  1 
■   solvent.     Upon  dissolving  I   gram-molecule  of  a  substance.).' 
iglil  of  the  body  is  m,  wilb  m  g  of  it  in  100  grams  of  solve 
be  raised  about  d",  upon  dissolving  pg  of  the  substance 
■W  about  d|  =  d.   '';  from  which 


^^■n,e  I 


IS  equation 

=  the  Wright  (in  grams]  of  the  suli^l 

=  molecular  rise  in  boiling  point  (  ^= 
=:observed  rise  in  balling  point. 


ly 
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A.  Naumann.  B.  zi,  429,  has  devised  a  method  for  molecular  weight  determina- 
tion by  the  distillation  of  liquids  not  miscible  with  water.  He  conducts  steam 
through  them. 

3.  From  the  Depression  of  the  Freezing  Point. — The  mole- 
cular weights  of  dissolved  substances  are  more  accurately  and  readily 
deduced  from  the  depression  of  the  freezing  points  of  their  solutions. 
Blagden  in  1788,  and  Rlidorff  in  1861,  found  that  the  depression  of 
the  freezing  points  of  crystallizable  solvents,  or  substances  (as  water, 
benzene  and  glacial  acetic  acid)  is  proportional  to  the  quantity  of 
substance  dissolved  by  them.  The  later  researches  of  Coppet  (1871), 
and  especially  those  of  Raoult  (1882),  have  established  the  fact  that 
when  molecular  quantities  of  different  substances  are  dissolved  in  the 
same  amount  of  a  solvent  they  show  the  same  depression  in  their 
freezing  points  (Law  of  Raoult).  If  /  represents  the  depression  pro- 
duced by/grams  of  substance  in  100  grams  of  the  solvent,  the  co-efficient 

of  depression  Z  will  be  the  depression  for  i  gram  of  substance  in  100 

grams  of  the  solution.*  The  molecular  depression  is  the  product 
obtained  by  multiplying  the  depression  co-efficient  and  the  molecular 
weight  of  the  dissolved  substances.  This  is  a  constant  for  all  sub- 
stances having  the  same  solvent :  — 

M  .  V  --:  C. 
P 

Raoult's  experiments  show  the  constant  to  have  the  following  values: 
for  benzene  49;  for  glacial  acetic  acid  39;  for  water  19.  When  the 
constant  is  known  the  molecular  weight  is  calculated  as  follows  :  — 

M  =  C  P  . 
t 

A  comparison  of  the  constants  found  for  different  solvents  will  disclose  the  fact 
that  they  bear  the  same  ratio  to  each  other  as  the  molecular  weights — that  conse- 
quently the  quotient  obtained  from  the  molecular  depressions  and  molecular  weights 
is  a  constant  value  (about  0.62).  It  means,  expressed  differently,  that  the  molecule 
of  any  one  su))stance  dissolved  in  loo  molecules  of  a  liquid  lowers  the  point  of  soli- 
dification very  nearly  0.62. 

Guldberg  (1870)  and  van  *t  Hoff  (1886)  have  since  made  a  theoretical  deduction 
of  these  laws  from  the  lowering  of  the  vapor  pressure,  and  from  the  osmotic  pressure. 

The  constant  C  is  obtained,  for  the  various  solvents,  from  the  formula  0.02  *_ 

w 
Here  T  indicates  the  tempjerature  of  solidification  of  the  solvent  calculated  from  the 
absolute  zero-point  forward  ;  w  is  its  latent  heat  of  fusion.     In  this  way  van  't  Hoff 
calculated  the  constants  for  benzene  (53),  acetic  acid  (38.8),  and  water  18.9  (see 
above). 

The  laws  just  described  possess  a  direct  value  for  indifferent  sub- 
stances, having  but  slight  chemical  activity.      Salts,  strong  acids  and 

*  Arrhenius  (Z.  phys.  Ch.  2,  493)  expresses  the  content  of  solutions  by  the  weight 
in  grams  of  the  substances  contained  in  100  c.c.  of  the  solution. 


bases  (all  electrolj  tes)  constitute  ihe  exceptions.  The  depressions  in 
Ireezing  point  are  greater  for  these  than  their  calculated  values  (they 
also  have  greater  osmotic  pressure,  and  greater  lowering  of  the  vapor 
pressure).  The  electrolytic  dissociation  theory  of  Arrhenius  (Z.  phys. 
Ch.  1,  631,  577  ;  2,  4gi ;  B,  ay,  R.  542)  would  account  for  this  by 
ihe  assumption  that  the  electrolytes  have  separated  into  their  free 
ions.  However  even  the  indifferent  bodies  exhibit  many  abnormali- 
ties— generally  the  very  opposite  of  the  ordinary.  These  seem  to  be 
due  to  the  fact  that  the  sut«tauces  held  in  solution  had  not  completely 
broken  up  into  their  individual  molecules.  The  most  accurate  results 
are  obtained  by  operating  with 
very  dilute   solutions,   and  by  1^ 

employing  glacial  acetic  acid  as 

I  solvent.     This  dissociates  solids 

k  tnosi  Teadily. 


Various  (anna  of  apparalu;  suitable 
for  Ihe  above  purpose,  snd  ractbodi  of 
working  have  been  proposed  by  An- 
wers.'HoIlemann  []i.  31,860),  Menl- 
»cbel.t  Beckmatir.J  Eyknunn,  J  Klo- 
bukow,  11  Bad  Baumann  and  Fromm 
(B.  2A.  1431). 

Beckmaan'3  Meibod. — A  bard 
glass  tube,  /I.  2-i  cm,  in  widih,  side 
projection  £  {P>S-  4)i  '^  filled  wilb 
15-10  grams  of  Ibe  solvent  (weighed  out 
accaraiely  in  centigrams),  and  closed 
with  a  stopper,  in  which  are  placed  an 
aceuTBle  (bermonietcr  (Walfetdin),  and 
■  stout  platinum  wire  serving  as  a  stir- 
ring rod.  The  lower  part  of  (lie  lube 
jl  Bttacbed  by  means  al  a  cork  to  a 
somewhat  larger,  wider  lube.  1'tie 
Ulter  serves  as  sn  air  jockel.  The  en- 
tire apparatus  projecis  into  ■  beaker 
glass  filled  with  a  freezing  miiture. 
Cold  water  will  answer  for  glacial  acetic 
acid  (congealing  Bt  lb"),  and  ice-water 

^  for  benzene  (about  5°].  First  determine 
the  congealing  point  of  the  solvent  by 
tooling  it  1-2°  below  its  freeiing  point,  and  then  by  agitation  with  the  plali 
num  rod  (after  addition  of  platinum  dippings),  induce  the  formation  of  crystals. 
During  this  operation  Ihe  thermometer  ti^es,  and  when  the  mercury  is  slalionary  it 
indicates  the  freering  point  of  the  solvent.  Allow  Ihe  mass  to  melt,  and  introduce 
an  accurately  weighed  amount  of  substance  ihrougli  S.  When  this  has  dissolved 
■he  freezing  point  is  re -detei mined  as  before  (B.  18,  R.  41 

Eykmann'a  Meihod.~(A.  373,  9E).  By  Ibis  method  it  is  possible  I 
smaller  amounts  of  solution  (6-8  grams)  and  substance.  This  is  done  by  using 
phenol  (m.  p.  about  ]R°),  as  the  solvml.  Its  molecular  depression  has  been  iheo- 
relically  deduced :  it  rs  about  76  (sec  above).      Fig.  5  represents  the  form  of  appa- 


t  7..  phys.  Ch.  1,  J07  ;  •  /M.  a,  6jS :  if  /hd.  a,  964 ;  ||  fiiJ.  4,  k 
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ratus  proposed  by  Eykmann.  It  is  nothing  more  than  a  flask  with  two  tubulures,  in 
one  of  which  a  thermometer  is  fixed,  and  over  the  other  is  placed  a  ground-glass  cap. 

Paterno's  investigations  show,  contrary  to  earlier  observations,  that  when  benzene 
is  employed  as  the  solvent  the  carbon  derivatives  mostly  yield  normal  results ;  the 
exceptions  being  the  alcohols,  phenols,  acids,  oximes  and  pyrrol  (B.  22,  1430  and  Z. 
phys.  Ch.  5,  94 ;  B.  27,  R.  845  ;  28,  R.  974). 

Naphthalene  may  also  be  used  for  determinations  of  this  kind,  van  *t  Hoff  gives 
its  depression  constant  as  equal  to  about  70  (B.  22,  2501 ;  23,  R.  I  ;  24,  I431). 

Consult  B.  28,  804  for  a  method  of  determining  molecular  weights  from  the  decrea<»e 
in  solubility. 

For  the  determination  of  molecular  weight  from  molecular  solution-volume  see 
B.  29,  1023. 


THE   CHEMICAL   CONSTITUTION    OF   THE   CARBON 

COMPOUNDS. 

Early  Theories. — The  opinion  that  the  cause  of  chemical  affinity  resided  in 
electrical  forces,  came  to  light  in  the  commencement  of  this  century,  when  the 
remarkable  decompositions  of  chemical  bodies,  through  the  agency  of  the  electric 
current,  were  discovered.  It  was  assumed  that  the  elementary  atoms  possessed 
different  electrical  polarities,  and  the  elements  were  arranged  in  a  series  according  to 
their  electrical  deportment.  Chemical  union  depended  on  the  obliteration  of  different 
electricities.  The  dualistic  idea  of  the  constitution  of  compounds  was  a  necessary 
consequence  of  this  hypothesis.  According  to  it,  every  chemical  compound  was 
composed  of  two  groups,  electrically  different,  and  these  were  further  made  up  of 
two  different  groups  or  elements.  Thus,  salts  were  viewed  as  combinations  of  electro- 
|x)sitive  bases  (metallic  oxides),  with  electro- negative  acids  (acid  anhydrides),  and 
these,  in  turn,  were  held  to  be  binary  compounds  of  oxygen  with  metals  and  non- 
metals.  With  this  basis,  there  was  constructed  the  eUitro-chemical^  dualistic  theory 
of  Bfrzelius.     This  prevailed  almost  exclusively  in  Germany  until  about  i860. 

The  principles  predominating  in  inorganic  chemistry  were  also  applied  to  organic 
substances.  It  was  thought  that  in  the  latter  complex  groups  (radicals)  pre-existed, 
and  played  the  same  r6le  that  the  elements  did  in  mineral  matter.  Organic  chemistry 
was  defined  as  the  chemistry  of  the  compound  radicals  (Liebig,  1832),  and  led  to  the 
I  hemical-radical  theory^  which  flourished  in  Germany  simultaneously  with  the  electro- 
chemical theory.  According  to  this  view,  the  object  of  organic  chemistry  was  the 
investigation  and  isolation  of  radicals,  in  the  sense  of  the  dualistic  idea,  as  the  more 
intimate  components  of  the  organic  compounds,  and  by  this  means  they  sought  to 
explain  the  constitution  of  the  latter.  (Liebig  and  Wohler,  Ueber  das  Radical  der 
Benzuesaure,  A.  3,  249;  Bunsen,  Ueber  die  Kakodylverbindungen,  A.  31,  175; 
37,  I;  42,  14;  46,  I.) 

In  the  meantime,  about  1830,  France  contributed  facts  not  in  harmony  with  the 
electro-chemical,  dualistic  theory.  It  had  been  found  that  the  hydrogen  in  organic 
compounds,  could  be  replaced  (substituted)  by  chlorine  and  bromine,  without  any 
apparent  change  in  the  character  of  the  compounds.  To  the  electro-negative  halogens 
was  ascribed  a  chemical  function  similar  to  electro-positive  hydrogen.  This  showed 
the  electro-chemical  hypothesis  to  be  erroneous.  The  dualistic  idea  was  superseded 
by  a  unitary  theory.  Laying  aside  all  the  primitive  speculations  on  the  nature  of 
chemical  affinity,  the  chemical  compounds  began  to  be  looked  upon  as  constituted  in 
accordance  with  definite  mechanical  ground-forms — types — in  which  the  individual 
elements  could  be  replaced  by  others  (early  type  theory  of  Dumas,  nucleus  theory  of 
Laurent).  Dumas,  however,  distinguished  between  chemical  types  and  mechanical 
types.  He  considered  substances  to  have  the  same  chemical  tjrpe,  to  be  of  the  same 
species,  when  they  possessed  like  fundamental  properties,  e.  g.^  acetic  and  chlor- 
acetic  acids.  Like  Regnault  he  said  they  were  of  the  same  mechanical  type, 
belonged  to  the  same  natural  family,  when   they   were  related  in  structure  but 
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monifesleJ  n  diflerenl  cliemlcal  charxdci :  alcnhirl  mil  ncnic  Bcid.     At  the  iame 
lime  the  dualislic  view  on  ihe  pre  enisle nc«  of  radicals  was  rcfuled. 

'Hie  correcl  establish lUcnt  of  lb(?  Ideas,  t</nivaliHl,  atimi  iinJ  moleiulr  (I^Lureat 
and  Gerhatdt).  was  an  important  consequence  of  (he  lypicnl  unitary  idea  of  cbcmical 
compounds.  By  means  of  it  a  correct  foundation  was  laid  for  further  generaliialion. 
The  molecule  havii  g  been  determined  b  chemicul  unit,  the  studj  of  lUe  grouping  of 
aioros  in  the  molecule  tiecanie  possible,  and  chemical  constitution  could  again  be 
more  closely  examined.  The  iiiTcsligaiioii  of  the  reactions  of  double  decomposiiion, 
whereby  lingle  atomic  gjroups  (radicals  or  residues)  were  preserscd  and  could  be  I 
exchanged  (Uerhardt) ;  the  imponaat  discoveries  of  the  amines  or  substituted  I 
ammoniss  by  WDcti  (1S49),  and  Kofmann  (1S49) ;  the  epoch-niakiog  researches  of 
WiilianiKin  and  Chancel  (1850!,  upon  the  composition  of  ethers,  and  Ihe  discovery 
of  acid'fonning  oxides  by  (jerhaidt  (1S5IJ — led  to  a  "type"  explanation  of  Ihe 
individual  clasbes  of  compounds.  Williamson  referred  the  alcohols  and  ethers  Id  the 
water  type.  A.  W.  Hofmann  deduced  ihe  substituted  ammonias  from  ammonia. 
The  "type"  idea  found  its  culmination  in  l\it:  lypt  Ihfory  ef  Cerhardt  {xZ^i),  which 
was  nothing  more  than  an  amalgamalion  of  the  early  type  or  substitution  theory  of 
Dumas  and  Laurent  with  the  radical  theory  of  Berielius  and  Liebig.  The  molecule 
wa«  iu  liosis— and  to  it  there  was  attached  a  more  eslended  grouping  of  the  nlonis 
In  the  molecule.  The  conception  of  radicals  became  difTerent.  They  were  no  longer 
regarded  as  atomic  gTDU)is  that  could  be  isolated  and  compared  with  elemenLs,  b 
molecular  residues  which  remained  unaltered  in  certain  reactions. 

Comiiaring  Ihe  carbon  compounds  with  the  simplest  inoi|^nic  derivntires, 
hardt  referred  them  to  Ihe  following  principal  fundamental  forms  or  types  :^ 


111 


ClI 


Hi 


O 


HI 


^i,?^r 


From  these  they  could  be  obtained  by  substiluling  Ihe  compound  radicals  for 
hydrogen  alums.  All  compounds  that  could  be  viewed  as  consisting  of  two  directly 
combined  groups  were  refcned  to  the  hydrogen  and  hydrogen  chloride  lypes,  t.  g.: — 


Hxdrfde. 


^?I} 


C,H,01 

a) 
,1,1 


refer  all  those  bodies  derivable  from  w 


■Vt)o  "■"«}o. 


Aiconoi,  Acciic  Aem.  Elhvl  Ether. 

Associated  types  were  includeil  with  the  principal  types 
menial  type  i,  \  were  arranged  ns  subordinales.  the  lypes  j 
ype||\oihaIof^|  S,  etc. 

The  Comimunds  containing  ihrer  |;ruu]>s  uniti-d  by  nilroy 


Chlur 
r  by  the  repli 


rhus,  with  the  funda- 

,,  I;  wilh  Ihe* 


if^ 
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types  sent  dcs  types  de  double  decomposition."     It  is  thus  understood  that  he  in- 
cluded the  tyj)e  p.  >  wiih  that  of  u  > . 

These  types  no  longer  possessed  their  early  restricted  meaning.  Sometimes  a 
compound  was  referred  to  different  types,  according  to  the  transpositions  the  formula 
was  intended  to  express.  Thus  aldehyde  was  referred  to  the  hydrogen  or  water 
type  ;  cyanic  acid  to  the  water  or  ammonia  type : — 


QHjO 


and 


C,H 


ll}0,  CNJ^       ^  COJ^ 


The  development  of  the  idea  of  polyatomic  radicals,  the  knowledge  that  the 
hydrogen  of  carbon  radicals  could  be  replaced  by  the  groups  OH  and  NH,,  etc., 
contributed  to  the  further  establishment  of  multiple  and  mixed  types  (Williamson, 
Odling,  Kekul6) :— 


Compound  Types  : — 

V  V        K 

Clin 
cih; 

S;}o. 

H,    N. 

e.  g.: 

CM 

C,H/'  I 

CI  1 

"|o 

C.H."{ 

CO"  [ 

Elhylcne  Chloride. 

Ethylene 

Carbamide. 

Glycol. 

Mixed  T\pes  : — 

H) 

H  In 

/HJ 

en 

C,H/"  ] 

ii,l"> 

IIJO 

H  lo 

(!hlorhydrin. 

Oxamic 
Aoid. 

Amido-acetic  Acid. 

The  manner  of  arrangement  finding  expression  in  these  multiple  and  mixed  types 
was  this :  two  or  more  groups  were  united  into  one  whole — a  molecule — by  the 
univalent  radicals.  Upon  comparing  these  typical  with  the  structural  formulas 
employed  at  present,  we  observe  that  the  first  constitute  the  transitional  state  froni 
the  empiric,  unitary  formulas  to  those  of  the  present  day.  The  latter  aim  to  express 
the  perfect  grouping  of  the  atoms  in  the  molecule. 

1  he  next  step  was  the  expansion  of  the  Gerhardt  type  to  the  type  of — 

H 


marsh -gas 


II 
H 
H 


C.      This  was  the  work  of  Kekul6,  1856  (A.  loz,  204). 


Recent  Views. — Kekul6  (1857)  in  a  communication,  Uel)er  die  sog.  gepaarten 
Verbindungen  und  die  Theorie  der  mehratomigen  Radicale  (A.  104,  129)  indicated 
the  idea  of  types  by  the  assumption  of  a  peculiar  function  of  the  atoms — their 
atomicity  or  basicity  (valence).  This  he  supposed  to  be  the  cause  of  the  types  of 
Gerhanlt.    As  early  as  1852  Frankland  enunciated  similar  views  in  regard  to  the  ele- 


p 

H    m»u  erf 
^V     Ke»>rch 

I 
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erf  the  nitrogen  group  (A.  15,  329:  loi,  157 ;    Frankland;    Eiiperimenul 
Ke»>rchet  in  Pure,  Agiplied  and  Physical  Chemistrj,  London,  1S71,  p.  I47).     Kolbe    . 
concurred  with  ihese  ideas  (compare  bis  derivation  of  the  organic  compounds  from 
llie   radical  carbonyl  C,  and  carbon  dioiidc  C,0, — Kolbe's  Lehrlinch  der  organ- 
ischen  Chemie.  1S5S,  tid.  I,  p.  567).      The    reason  thai  ihey  did  not  excrl  ereBlei    j 
influence  upon  (he  developmenl  of  theoretical  chemlsTrj  is  mainlv  due  to  the  fact  that    I 
the  notions  of  Ibe  relations  of  equivalent  weight  and  alomic  weight  were  not  clearly 
deBned  by  Kolbc  and  Frankland. 

In  his  assumptions  KekuU  rather  relumed  t 
the  double  decomjiosilion   types  of  Gerhardt. 

"A.    "' 


n  by  Gerhardt  did  Dot  eiisl 
•iplalning  the  propertie! 


lisnical  lypes,  than  to 
me  aisiinction  between  the  type 
for  Kekul*.  The  latter  in  185S 
□ecessary  in  eiplalning  the  properties  of  chemical  compounds  to  go  bark 
10  tne  elements  which  compose  tbe^e  compounds."  He  continues:  "I  dn 
not  regard  it  a»  (he  chief  aim  of  our  lime  to  detect  atomic  groups  wliicb,  owing  tn 
certain  properties,  may  be  considered  radicals  and  thus  to  include  the  compounds 
Doder  certain  lypet,  which  in  this  way  have  scarcely  any  other  signilicBnce  than  thai 
of  type  or  example  formula.  I  am  rather  of  the  opinion  that  the  general i;ulion 
thonld  lie  extended  to  the  conslilulion  of  (be  radicals  Ihemselvcs.  to  the  delcimina- 
lion  nf  the  relation  of  the  elements  among  themselves,  and  thus  to  deduce  From  the 
nature  of  (be  elements  bo(h  the  nature  of  the  radicals  and  that  of  (heir  compounds. ' ' 
(A.  106,  lj6.) 

The  recognition  of  (he  i^uadrivalence  of  (he  carbon  atoms  and  (he  power  they 
possessed  of  combining  with  each  other,  accounted  for  Ibe  existence  and  the  com- 
tining  value  of  radicals;  also,  for  their  constitution  (Kekult,  /,  i-,,  and  Couper, 
A.  ch.  phys.  [j]  53,  469),  The  type  theory,  consequenlly.  is  not  as  sometimes 
declared,  laid  aside  as  erroneous;  it  has  only  found  generalization  and  ampliticalion 
in  a  broader  principle  ;  the  eitcnjion  of  the  lalencc  theory  of  Kckul*  and  Couper  lo 
(he  dcrirativet  d(  carbon. 

While  formerly  it  was  customary  to  consider  in  addition  lo  rm/aric  formulas,  repre- 
senting merely  an  atomic  composition  of  [he  molecule,  lalioiiat  formulas  (Berzelius). 
which  in  reality  were  nothing  mote  than  rearrangement  formulas  adopted  to  explain 
lo  a  certain  degree  the  chemical  behavior  of  derivatives  of  caibon.  Kckul£  spoke  of 
\\\e  maitntr  ef  union  of  lit  al-mi  in  Ike  moieaiU,  by  knowledge  of  which  the  con 
ilitulion  of  (he  carbon  compounds  is  determined  (conslilulion  foimutas).  Lothar 
Meyer  nexl  iniroduced  the  phrase  "  linking  of  fhi  cartoH  arenu,"  The  expression 
itmtlurr  [slniclural  formulas)  originated  with  Butlerow. 

An  application  of  the  valence  theory,  which  has  been  remarkably  fruitful,  is  the 
Kektll*  bcn«ne  theory.  Here  Tor  (he  lir^l  time  (here  was  assumed  present  in  a 
carbon  compound  a  closed  carbon-chain,  a  ring  consisting  of  six  carbon  atoms.  The 
rather  singular  stability  of  the  ammalic  bodies  is  due  lo  the  presence  of  this 
"  benienc  ring."  K6rncr  applied  Ihese  views  to  pyridine  and  deduced  the  pyridine 
ring.  In  rapid  succession  numeroas  other  rings  have  followed  and  have  arranged 
IbemscWes  side  by  side  with  tlie  old  rings  in  mote  recent  years. 

Theory  of  Chemical  Structure  of  Carbon  Compounds. 
Theory  of  Atomic  Linking  or  the  Structural  Theory. 

Constitutional  or  siriictiiral  formulas  arc  based  upon  the  following 
I  principles,  which  have  been  deduced  from  experiment  and  repeatedly 
I  confirmed  by  the  same. 

The  carbon  alom  is  quaiirhaUnl      The  position  of  carbon  in  the 
periodic  system  gives  expression  lo  this  fact.     One  carbon  atom  can 
t' combine  at  the  most  with  four  dissimilar  or  similar  univalent  aloms  or 
[  atomic  groups; 

CF.  CCl, 

Curl.™  Tcl.^iSuoride.  Carbon  Tclracllloridc. 


I 
I 

I 
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CII5CI  CHjNH,  CH,a,  CHCl, 

Methyl  Chloride.         Methylamine.         Dichlormethane.         Chloroform. 

In  a  few  compounds,  e.  g.^  carbon  monoxide  CO  and  the  isonitrilesor  carbylamines 
R' —  N  --  C  (A.  270,  267)  and  fulminic  acid  HO  —  N:=C  (A.  280,  303)  carbon 
figures  as  a  bivalent  element. 

2.  The  four  affinity  units  of  carbon  are,  as  generally  represented, 
equal  and  simi/ar,  i.  e.,  no  differences  can  be  discovered  in  them  when 
they  form  compounds. 

If  one  of  the  four  hydrogen  atoms  in  the  simplest  hydrocarbon, 
CH4,  be  replaced  by  a  univalent  atom  or  univalent  atomic  group,  each 
monosubstitution  product  will  appear  in  but  one  modification.  The 
four  hydrogen  atoms  are  similarly  combined,  consequently  it  is  imma- 
terial which  of  them  is  replaced. 

CH3CI  CH3OH  CHjNH, 

Chlormethatic.  Methyl  Alcohol.  Methylamine. 

are  known  in  but  one  modification  each  (p.  46). 

3.  The  carbon  atoms  can  unite  with  each  other.  When  two  carbon 
atoms  combine  the  union  can  occur  in  three  ways: 

{a)  The  two  carbon  atoms  unite  with  a  single  valence  each,  leaving 
the  atomic  group,  =  C  —  C  = ,  with  six  free  valences. 

{b)  The  two  carbon  atoms  unite  with  two  valences  each,  then  the 
atomic  group,  =  C  =  C  = ,  with  four  free  valences,  remains. 

(/)  Two  carbon  atoms  arc  united  by  three  valences.  The  residual 
group  —  C  =  C  —  has  but  two  un combined  valences. 

In  the  first  case  the  union  of  the  two  carbon  atoms  is  single,  in  the 
second  case  double,  and  in  the  third  case  triple.  Carbon  atoms  can 
combine  to  a  greater  degree  with  themselves  than  the  atoms  of  any 
other  elements.  This  gives  rise  to  carbon  nuclei,  carbon  skeletons, 
which  form  either  open  or  closed  carbon  chains  or  rings.  Theuncom- 
bined  valences  of  the  carbon  nuclei  can  saturate  or  take  up  the  atoms 
of  other  elements  or  other  atomic  groups.  This  would  explain  the 
existence  of  the  almost  numberless  carbon  compounds. 

The  mutual  union  is  indicated  by  formulas  or,  according  to  the 
recommendation  of  Couper,  by  lines.  These  formulas  represent  the 
structure  of  the  compounds ;  they  are  structural  formulas  : 

H  H  II  II 

H  — C— II         II_C  — CI         II_C  — O  — H         H  — C  — N<rl1 

III  I  " 

H  H  H  H 

Saturated  and  Unsaturated  Compounds. — Saturated  carbon 
compounds  are  those  in  which  the  carbon  atoms  are  united  by  a  single 
bond  to  each  other.  They  cannot  be  united  by  more  valences  unless 
the  carbon  chain  is  broken  up.  Unsaturated  compounds  are  those  in 
which  a  double  or  triple  union  between  carbon  atoms  exists.  As  a 
single  union  is  sufficient  to  link  carbon  atoms  together,  a  pair  of  car- 
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bonlttomswith  double  union  can  take  up  two  addit 
This  would  dissolve  the  double  union,  giving  rise 
riihout  destruction  ofihe  chain,  e.g. 


)nal  valence  units, 
to  single  linkage 


Two  carbon  atoms,  trebly  linked,  can  lake  up  four  valences.     The 
l-.dissolution  of  the  triple  union  may  proceed  step  by  step.     The  triple 
I  linkage  may  first  be  changed  to  a  double  linkage  and  then  to  a  simple 
mion : — 


The  unsaturated  i 

md  triple  unions  a 

■  ipass  into  saturated  c 


ompounds,  by  the  breaking-down  of  their  double 
id  the  addition  of  two  or  four  univalent  atoms, 
impotmds. 


ThiK  sunt  dcponmcni  is  observed  with  many  Qthcr  compounds  containing  carbon 

md  oxygen,  doubly  combined,  =  C  =:  O  (aldehydes  and  kelones)  or  double  uid 

Jlriple  union  of  carbon  nnd  nitrogen,  =C  =  N— C  =  N  (acid  nitrile^,  imides,  oi- 

■       They  are  in   tlie  same  sense  unsaluraled ;    by  the  brcaliing  down  of  tlicir 

:  or  Iriple  union  ibey  change  lo  saturalcd  compounds  in  whiub  the  polyvalcnl 

are  linked  by  a  single  bond  lo  each  olher ; 


II 


-C—U   -j-   jH: 


11  — c— n 

I 


Radicals,  Residues,  Groups.— 

b  exist  alone  and  play  a  special  rflle  ii 

The  structural  formulas  are  unitary  formulas — they  give  no  es[«cially 
Jkvorable  position  to  one  atom  over  another  in  the  molecule.  Radicals 
Tire  atomic  groups,  chiefly  those  containing  carbon,  which  in  many 


reactions  are  unaltered  and  pass  from  i 
In  this  category  must  also  be  included  the  t 
valeiit  atomic  complexes,  which  remain  w 
ps  are  removed  from  -iaturated  bodies. 


impound  into  another. 
ni-,  bi-,  Iri-,  and  poly- 
len  atoms  or  atomic 
iy  the  gradual  removal 
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of  hydrogen  methane  yields  the  following  radicals,  having  diffSrent 
valences : 

CH^  — CH,  =CH,  SCH 

Methane  Methyl  Methylene  Methenyl  or  Methine 

saturated.  univalent  radical.       bivalent  radical.  trivalent  radical. 

If  such    radicals  are  isolated   from  proper  compounds,   e.  g,^   the 
halogen  derivatives,  then  two  of  them  unite  to  form  a  molecule : 

CH3I  CI  I, 

4  2Na-=      I        -\    2NaI 
CH,I  CI  I, 

CH,I,  CH, 

-f  4Cu  =      !|       4-  2Cu,r, 
CH,I,  ClI, 

CHCI3  CII 

-f  6Na    --     III        -f-  6NaCl 


CHOj  CII 

Or,  an  atomic  rearrangement  may  occur  with  the  production  of  a 
molecule  of  the  same  number  of  carbon  atoms : 

CUCI,  CH,  CH:  . 

I  -h  2Na     --       II  I-  2NaCl  (and  not)     | 

CII,  CII,  CII, 

The  cxj^ressions  residue  and  group  are  similar  to  radical.      They 
are  chiefly  applied  to  inorganic  radicals,  e.g.y 

— OH    water  residue  or  hydroxyl  g^oup, 
— SH    hydrogen  sulphide  residue  or  sulphydrate  group, 
— NH,  ammonia  residue  or  amido  group, 
:^NII    imido  group, 
— NO,  nitro  group, 
— NO    nitroso  group. 

Homologous  and  hologous  Senes. — Schiel,  in  1842  (A.  43,  107  ;  1x0,  I4I),  directed 
attention  to  the  phenomenon  of  homology,  giving  as  evidence  the  alcohol  radicals. 
Shortly  after  Dumas  observed  it  in  the  fatty  acids.  Gerhardt  introduced  the  terms 
liomo/ogous  and  iwlogotis  series^  and  showed  the  rdle  these  scries  assumed  in  the 
classification  of  tlie  carlxjn  derivatives.  It  was  the  theory  of  atomic  linking  that  first 
disclosed  the  cause  of  homology. 

The  different  manner,  in  the  linking  of  the  carbon  atoms,  shows 
itself  most  plainly  in  their  hydrogen  compounds — in  the  so-called 
hydrocarbons.  By  removing  one  atom  of  hydrogen  from  the  simplest 
hydrocarbon,  methane,  CH4,  the  remaining  univalent  group,  CH„  can 
combine  with  another,  yielding  CH, — CH,,  or  CjTfj,  ethane  or  di- 
methyl. Here,  again,  an  hydrogen  atom  may  be  replaced  by  the 
group  CHs,  resulting  in  the  compound  CH3 — CH, — CHs,  propane. 
The  structure  of  these  derivatives  may  be  more  clearly  represented 
graj^hically : — 
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an  entire  series  of  hydrocarbons  : — 

CHj  —  CH,  —  CH,  ~  CH,  ClI,  —  CH,  —  CH,  —  I  H,  —  ClI,.  cic. 

The  compounds  constiltiting  such  a  series  are  said  to  be  homologous. 

The  composition  of  such  an  homologous  series  can  be  expressed  bj' 
a  general  empiric  or  rational  formula.  The  series  formula  for  the  marsh 
yas  or  methane  hydrocarbons  is  C.H,^^,. 

Each  member  differs  from  the  one  immediately  preceding  and  the 
one  following,  by  CH,.  The  phenomenon  of  homology  is  therefore 
to  the  linking  power  of  the  quadrivalent  carbon  atoms. 

In  addition  to  the  hydrocarbons  forming  such  a  series,  many  others 

ist,  f.  ^.,  the  monohydric  alcohols,  the  aldehydes  and  monobasic 


CnH,nHO 
CH.O— tDClhyl  alcohol 
C,H,0— ethyl  alcohol 
C^H,0 — propyl  alcohol 
C,H|(,0-bmyl  alcohol 


Cntl^O 

CH,0— formaldehyde 
C,H,0— acctaldehyde 
C,  1 1 ,0 — propionaldeh  yd  e 
C.HgO— bulyraldehyde 


CnH,„0, 
CHjO, — fonnie  add 
C,lf,0,— acetic  acid 
C,H,0, — propionic  acid 
C,H,Oj— butyric  acid. 


Carbon  compounds,  alike  chemically,  but  diHering  from  each  other  in  composition 
by  a  illffecence  othet  than  nCIl,,  r.  j'.,  the  saturated  and  uiuaturaled  hydiocarboni, 
foriD  isologotif  series,  according  Id  Geihardi : 

IC,H,  —  C,H,  —  C,H, 
C,l[,—  Cjli,  —  C,H, 
Isomerism:  Polymerism;  Metamerism;  Chain  or  Nucleus 
Isomerism ;  Position  or  Place  Isomerism.— The  view  once 
prevailed  that  bodies  of  different  properties  must  necessarily  possess  a 
different  composition.  The  first  hydrocarbons,  showing  that  this  opin- 
i,  were  discovered  in  i8zo. 


I Jebig,  in  tSsj.  deuioDsltaled  that  silver  cyanale  and  fulminate  were  identical.    In 

"^95  Faraday  found  in  a  compressed  gas  a  liquid  hydrocacboa  haviog  the  same  com. 

''cm  la  gnscoiu  elhylcnc.     In  1S28  W5hler  changed  ammonium  cyaaale  lo  urea, 

n  iSjo  Ilerzelius  ^lablislied  (he  similarity  of  tartaric  acid  and  racemic  acid. 

\  Berielius,  in  i8jo,  designated  as  isomerides  {i/ra/tsprji;)  bodies  of  sim- 
.  r  composition,  but  different  in  pro[ienies.  A  year  later  he  distin- 
Jliishcd  two  kinds  of  isomerism,  viz.,  isomerism  of  bodies  of  different 
■olecular  mass — pol\mtrism,  and  bodies  of  like  molecular  mass — meta- 
urism. 

\  Numerous  isomeric  carbon  derivatives  were  discovered  in  rapid  suc- 
ffiion,  hence  an  an.-iwer  as  to  the  question  what  causes  isomeric  phe- 
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noiiiena  accinircd  im[K)rlance  for  the  development  of  organic  chemistry. 
The  dce}>cT  insight  into  the  structure  of  carbon  compounds,  which  was 
gradually  attained,  gave  rise  in  consequence  to  a  further  division  of 
metameric  phenomena. 

The  expression  metamerism  was  employed  to  designate  that  kind  of 
isomerism  which  is  due  to  the  homology  of  radicals  held  in  combina- 
tion by  atoms  of  higher  valence.  If  the  homologous  radicals  are 
joined  by  i)olyvalent  elements,  then  those  compounds  are  metameric, 
in  which  the  sum  of  the  elements,  contained  in  the  radicals,  is  the 
same  (H  may  be  viewed  as  the  simplest  radical) : 


Ethyl  AlcohuK 

(•,11,1 

..r 

Propyl  Alcohol. 


is  metameric  with 


is  metameric  with 


11  In 
H  ) 

P3thylaniine. 


is  metameric  with 


CHj" 
Methyl  Ether. 

CH  J 
Ethyl  Methyl 
Ether. 

CH, 
C 


fir 


II   S-N 
H  J 

Propylamine. 


is  metameric  with 


C,Il 

c 


;h.}n 


Dimethylamine. 
and 


Ethyl  Methyl- 
amine. 


:h,In 
:h.j 


CH, 
CH, 
CHj 
Trimethyl- 
amine. 


The  constitution  of  the  radicals  in  this  division  was  disregarded, 
the  type  formulas  were  sufficiently  explanatory.  We  have  recognized 
the  power  of  the  quadrivalent  carbon  atoms  to  unite  in  a  chain-like 
manner  as  the  cause  of  homology,  and  to  this  cause  may  be  attributed 
other  phenomena  of  isomerism,  which  are  not  properly  included  under 
metamerism. 

In  deducing  the  formulas  of  the  five  simplest  hydrocarbons  of  the 
homologous  series  CnHj^^,,  the  ethane  formula  CH, .  CHaWas  de- 
veloped from  that  of  methane  CH4,  and  the  propane  formula 
CH3.CH2.CH3  from  the  ethane  formula  CjH,.  In  the  case  of  propane 
intermediate  and  terminal  carbon  atoms  are  distinguished.  The  former 
are  attached  on  either  side  to  two  other  carbon  atoms,  still  possess- 
ing two  valence  units  which  are  saturated  by  two  hydrogen  atoms. 
The  terminal  carbon  atoms  are  linked  to  three  hydrogen  atoms. 

With  the  next  member  of  the  series  we  observe  a  difference.  Above, 
the  fact  that  an  hydrogen  of  the  terminal  methyl  group  of  propane 
was  replaced  by  methyl  was  the  only  condition  considered.  This  led 
to  the  fornwla  CH,  .  CH,  .  CH,  .  CH,.  However,  the  CHj-group 
might  replace  an  hydrogen  atom  of  the  intermediate  CH,-group,  and 

CHj.CH.CHj. 
then  the  result  would  be  the  formula  I  .     In  this  hydrocar- 


CH, 


It 
Theoretically,  Ijv  a  similar  deduction,  tlie  two  butanes 
Jfiotneric  pentanes: 
CH, 
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in  there  is  a  AranfAiri/  carbon  chain.     The  hydrocarbon  with  a  con- 

CH,.cn.CH, 
chain  is  termed  butane;  its  isomeride  is  isobutane —  | 


CI  I, 


Telr»mclhyf  Mctllaiie. 

These  hydrocarbons  are  really  known. 

The  number  of  possible  isomerides  increases  rapidly  with  iheincrease 
in  carbon  atoms  (B.  a;,  R.  725). 

The  cause  of  isomerism  in  the  homologous  paraffins,  as  in  so  many 
other  cases,  is  the  differenl  constitution  of  the  carbon  chain.  The 
isomerism  caused  by  a  difference  in  linking,  by  the  different  structure 
of  the  carbon  nucleus  or  the  carbon  chain,  is  termed  nucleus  or  chain 
isomerism. 

The  investigation  of  the  substitution  products  of  the  paraffin  hydro- 
carbons brings  to  light  another  kind  of  isomerism.  The  principle  of 
similarity  of  the  four  valences  of  a  carbon  atom  renders  logical  and 
possible  but  one  monochlor  substitution  product  of  methane  and  ethane. 
The  same  consideration  which  heretofore  recognized  the  possibility  of 
two  methyl  substitution  products  of  propane,  the  two  butanes  possible 

I  by  theory,  leads  In  the  possibility  of  two  monochlor- pro  panes,  depend- 
fcDt  Upon  whether  the  chlorine  atom  has  replaced  the  hydrogen  of  a 
: 
In  the  case  of  the  two  known  chlorpropanes,  and  also  in  ihe  case  of 
propyl  aldehyde  and  acetone,  the  cause  of  the  isomerism  is  not  due 
to  difference  in  constitution  of  the  carbon  chain,  but  to  the  different 
position  of  the  chlorine  atoms  with  reference  to  the  oxygen  atoms  of 
the  same  carbon  chain.  Isomerism,  induced  by  the  different  arrange- 
ment or  position  of  the  substituting  elements  in  the  same  carbon  chain, 
is  designated  isomerism  oi place  (tt  position. 

The  intimate  relationship  of  the  two  varieties  of  isomerism  is  appa- 
rent from  the  derivation  of  the  ideas  of  nucleus  or  chain  isomerism  and 
place  ot position  isomerism. 
Recent  Views  Pertaining  to  the  Structural  Theory. — The 
;ory  of  atomic  linking  not  only  revealed  an  insight  into  the  causes  of 


n  termed  iate  carbon  a 


If  two  hydrogen  atoms  of  one  of  the  carbon  atoms  of  propane  Ijc 
Replaced  by  an  oxygen  atom,  the  following  case 


^_thcu 
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innumerable  isomeric  phenomena,  but  predicted  unknown  instances  and 
determined  their  number  in  a  very  definite  manner.  In  many  cases 
isomeric  modifications,  possible  by  theory,  were  discovered  at  a  later 
period.  For  certain  isomerides,  however,  at  first  few  in  number,  the 
structural  formulas  deduced  from  their  synthetic  and  analytical  reac- 
tions were  insufficient,  inasmuch  as  different  compounds  were  known, 
to  which  the  same  structural  formula  could  be  given.  The  greatest 
similarity  in  reactions  indicative  of  the  structure  was  combined  with  a 
pre-eminently  absolute  difference  in  physical  properties  of  the  com- 
pounds belonging  in  this  class.  The  tendency  at  first  was  to  designate 
such  bodies  physical  isomerides,  meaning  thereby  an  aggregation  of 
varying  complexes  of  chemically  similar  molecules. 

The  following  groups  of  such  isomerides  have  been  well  investigated : 

HOHC.COjH 

1.  The  four  symmetrical  dioxy succinic  acids  :  I  ,  the  or- 

HOHC  .  CO,H 

dinary  or  dextrotartaric  acid,  and  racemic  acid  which  were  proved 

to  be  isomeric  in   1830  by  Berzelius.     To  these  were  added,  through 

Pasteur's  classic  researches,  laevo- tartaric  and  the  inactive  or  meso- 

tartaric  acids. 

CH  .  CO,H 

2.  1l\\q  two  symmetrical  ethylene  dicarboxylic  acids \  \\  ,  fu- 
maric  and  maleic  acids.                                                     CH  .  CO,H 

3.  The  three  a-oxy propionic  acids :  CH3  .  CH  .  OH  .  CO^H— 
inactive  lactic  acid  of  fermentation  and  sarcolactic  acid.  To 
these,  laevolactic  acid  has  been  recently  added. 

Substances  are  included  among  these  compounds,  which  liquified, 
either  fused  or  in  solution,  turn  the  plane  of  polarization  either  to  the 
right  or  left.  The  direction  of  deviation  is  indicated  by  prefixing 
**  dextro  *'  or  **  laevo  *'  to  the  name  of  the  bodies  thus  acting.  Such 
carbon  compounds  are  **  optically  active*'  in  contradistinction 
to  the  other  almost  numberless  derivatives  which  exert  no  influence  on 
polarized  light  and  are  "optically  inactive  '*  or  **  inactive." 

A  direct  synthesis  of  optically  active  carbon  compounds  has  not 
yet  been  achieved,  although  optically  inactive  bodies  have  been  syn- 
thesized. Pasteur  has  discovered  methods  by  means  of  which  the 
latter  can  be  resolved  into  their  components,  which  rotate  the  plane 
to  an  equal  degree  but  in  opposite  direction.  Upon  splitting  sodium- 
ammonium  racemate  into  sodium-ammonium  laevo- and  dextro-tartrates 
Pasteur  observed  that  the  crystals  of  these  salts  manifested  hemi- 
hedrism;  that  they  behaved  as  an  object  and  its  image  toward  each 
other  ;  and  that  like  layers  of  equally  concentrated  solutions  of  these 
salts,  at  like  temperature,  deviated  the  plane  of  polarized  light  to  an 
equal  degree  in  opposite  directions. 

In  i860  Pasteur  expressed  himself  as  follows  upon  the  cause  of  these  phenomena — 
upon  molecular  asymmetry  :  *  *  Are  the  atoms  of  the  dextroacid  grouped  in  the  form  of 
a  dextro-gyratory  spiral,  or  are  they  arranged  at  the  angles  of  an  irregular  tetrahedron, 
or  are  they  distributed  according  to  some  other  asymmetric  arrangement  ?  We  know 
not.     Undoubtedly,  however,  we  have  to  do  with  an  asymmetric  arrangement,  the 
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images  of  which  cannot  mutually  cover  each  other.  It  is  not  less  certain  that  the 
atoms  of  the  laevo-acid  are  arranged  in  opposite  order."  In  1873  J*  Wislicenus 
added  this  comment  to  the  evidence  of  similar  structure  in  the  optically  inactive  lactic 
acid  of  fermentation  and  the  optically  active  sarcolactic  acid  :  "  Facts  compel  us  to 
explain  the  difference  of  isomeric  molecules  of  like  structural  formula  by  a  difference 
in  arrangement  of  the  atoms  in  s]>ace."  How  the  spacial  configuration  of  the 
molecules  of  carbon  compounds  was  to  be  represented  was  answered  almost 
simultaneously  and  independently  of  each  other  by  van't  Hoff  and  Le  Bel  (1874) 
(B.  a6,  R.  36).  To  do  this  they  introduced  the  hypothesis  of  the  asymmetric 
carbon  atom.  This  hypothesis  is  the  basis  of  the  chemistry  of  space  or  stereo- 
chemistry of  the  carbon  atom. 

The  hypothesis  of  an  asymmetric  carbon  atom  *  is  chiefly 
designed  to  explain  optical  activity  and  the  isomerism  of  optically 
active  carbon  compounds. 

While  the  theory  of  atomic  linking  abstains  from  any  representation 
of  the  spacial  arrangement  of  the  atoms  combined  with  each  other  to 
form  a  molecule,  the  experiences  gathered  from  the  investigation  of 
simple  carbon  compounds  demonstrate  that  definite  spacial  position- 
relations  do  not  harmonize  with  actual  facts.  Assuming  that  the  four 
valences  of  a  carbon  atom  act  in  a  plane  and  in  perpendicular  direc- 
tions upon  each  other,  the  following  possible  isomerides  for  methane 
are  evident : 

No  isomerides  of  the  types  CH,R*  and  CH(RO, 

Two       *'        *'     ''       ''     CH,(R%  CH,R*R*,  CHR'(R')„ 

Three     *'         ''     '*       '*     CHR^R«R». 

Methylene  iodide,  for  example,  should  appear  in  two  isomeric  modifications  : 

H  H 

I— C— I    and    H— C— I 

A  1 

However,  two  isomerides  of  no  single  disubstitution  product  of 
methane  have  been  found ;  consequently,  it  is  very  improbable  that 
the  four  affinities  of  a  carbon  atom  are  disposed  in  the  manner  indi- 
cated above.  The  carbon  atom-models  of  Kekul6  represent  the  carbon 
atom  as  a  black  sphere  and  the  quadrivalence  of  it  by  four  needles  of 
equal  length  and  firmly  attached  to  the  sphere  (Baeyer  terms  them 
axes).     These  needles  are  not  perpendicular  to  each  other,  nor  do 


*  Pasteur:  Recherches  sur  la  dissym^trie  mol^culaires  des  produits  organiques 
naturels.  Lemons  de  chimie  profess^es  en  i860.  Paris,  1861.  Vgl.  Ostwald's 
Klassiker  der  exacten  Wissenschaften,  Nr.  28:  Ueber  die  Asymmetrie  bei 
natlirlich  vorkommenden  organischen  Verbindungen,  von  Pasteur.  Ucbersetzt  und 
herausgegeben  yon  M.  und  A.  Ladenburg.  J.  H.  van  't  HofT:  Dix  anndes  dans 
rhistoire  d'une  throne,  1887.  K.  Auwers:  Die  Entwickelung  der  Stereochemie, 
Heidelberg,  1890.  A.  Hantzsch :  Grundriss  der  Stereochemie,  Breslau,  1893.  C.  A. 
Bischoff:    Handbuch  der  Stereochemie,  1893. 
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they  lie  in  the  same  plane,  but  are  so  arranged  that  planes  placed  about 
their  terminals  produce  a  regular  tetrahedron,  van  *t  Hoffs  generali- 
zations are  based  upon  this  model :  their  fundamentals  will  be  more 
fully  developed  in  the  following  pages. 

On  the  assumption  that  the  affinities  of  a  carbon  atom  are  arranged 
like  the  summits  of  a  regular  tetrahedron,  in  the  center  of  Which  there 
is  the  carbon  atom,  there  would  be  no  imaginable  isoraerides  coincid- 
ing with  CH,(R»)„  CH,R*R»,  CHR\R»)„  but  a  case  CHR»R*R»  or 
the  more  general  CR*R*R'R* — an  isomeric  phenomenon  of  peculiar 
nature — might  be  predicted.  A  carbon  atom  of  this  description — one 
that  is  connected  with  four  different  univalent  atoms  or  atomic  groups 
— van  't  Hoff  has  designated  an  asymmetric  carbon  atom,  proposing  to 
represent  it  by  an  italic  C.     It  is  sometimes  indicated  by  a  small  star. 

If  a  compound  contains  an  asymmetric  carbon  atom  we  can  con- 
ceive of  its  existence  in  two  isomeric  modifications,  the  one  being  an 
image  of  the  other  : 


These  spacial  arrangements  are  more  fully  understood  by  the  aid  of  the  models 
suggested  by  Kekul^,  van't  Hoff,  and  others  than  by  their  projection  upon  the  flat 
surface  of  paper,  van't  Hoff  introduced  tetrahedron  models  in  which  the  solid 
angles  were  colored  ;  this  was  to  represent  and  indicate  different  radicals.  They  lack 
this  advantage,  possessed  by  the  Kekul6  model,  that  the  carbon  atom  has  entirely  dis- 
appeared from  the  model.  It  must  be  imagined  as  being  in  the  center  of  the  tetra- 
hedron, and  in  projections  of  these  models  (see  above)  the  radicals  are  united  to  each 
other  by  lines,  the  latter,  however,  not  in  any  sense  representing  a  chemical  union. 

In  the  left  tetrahedron  the  successive  series  R^R'R*  proceeds  in  a 
direction  directly  opposite  to  that  of  the  hand  of  a  watch,  while  in 
the  right  tetrahedron  the  course  coincides  with  that  of  the  hand.  The 
two  figures  cannot,  by  rotation,  be  by  any  means  brought  into  the 
same  position, — that  is,  in  a  position  to  cover  each  other  completely, — 
any  more  than  the  left  hand  can  be  made  to  cover  the  right,  or  a 
picture  its  image  or  reflection. 

The  Isomerism  of  Optically  Active  Carbon  Compounds. — 
The  cause  of  optical  activity,  in  the  opinion  of  van  *tHoff  and  of  I^ 
Bel,  is  the  presence  of  one  or  several  asymmetric  carbon  atoms  in  the 
molecule  of  every  optically  active  body.  It  is  obvious  that  two  molecules 
which  only  differ  in  that  the  series  of  atoms  or  atomic  groups  attached 
to  an  asymmetric  carbon  atom  differ  successively  in  order  of  arrange- 
ment, which  therefore  are  identical  in  chemical  structure,  must  be  so 
similar  in  chemical  proj)erties  as  to  give  rise  to  confusion.     However, 
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those  physical  properties,  upon  which  the  opposite  successive  series 
of  atoms  or  atomic  groups  in  union  with  asymmetric  carbon  exerts  an 
influence,  e.  g  ,  the  power  of  deviating  the  plane  of  polarized  light, 
must  be  equal  in  value,  but  as  regards  the  prefix  they  are  opposite. 
The  union  of  two  molecules  identical  in  structure,  having  equal  but 
opp)osite  rotatory  power,  gives  rise  to  a  molecule  of  an  optically  inac- 
tive p)olymeric  compound. 

Compounds  Containing  an  Asymmetric  Carbon  Atom, — a  Oxy pro- 
pionic acid,  CHj — *CHOH  .  CO,H,  has  been  brought  forward  as  an 
example  of  a  compound,  containing  one  asymmetric  carbon  atom. 
It  can  appear  in  two  optically  active,  structurally  identical,  but  physi- 
cally isomeric  and  one  optically  inactive,  structurally  identical  poly- 
meric modifications : 


OH 


OH 


COJFT     CO.H 


Dextro-lactic  Acid. 
(Sarcolactic  Acid.) 


Laevo-lactic  Acid. 


H3C 


OH 


H 


COJI 


+ 


OH 
CO^H  CH, 


I    (-}-)    d-Lactic  Acid         (—)  1- Lactic  Acid    j  = 


Lactic  Acid  of  Fermentation 
or  Inactive  lactic  Acid. 


The   following   compounds  also   contain   one  asymmetric  carbon 
atom: 

leucine, C^H»  *CHNH,.  CO,H 

Malic  Acid, CO^H.  CH,.  *CH  OH.  CO.H 

Asparagine, CO  NH,.  CH,.  «CHNH,.  CO,H 

Mandelic  Acid, Q  H^.  *CH.OH.  CO,H 

CH *CH  (^"7) 

Conine, ^^^i^CpH* c\\  ^^^^ 


Each  of  the  preceding  bodies  is  kftown  in  two  optically  active  and 
one  optically  inactive  modifications. 

Compounds  Containing  Two  Asymmetric  Carbon  Atoms. — The  rela- 
tions are  more  complicated  when  two  carbon  atoms  are  present. 

The  simplest  case  would  then  be  that  in  which  similar  or  like  groups 
are  in  union  with  the  two  asymmetric  carbon  atoms.     The  one-half  of 
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the  molecule  would  be  constructed  chemically  just  like  the  other  half. 
The  four  isomeric  dioxysuccinic  acids  belong  in  this  group.  This  group 
of  so-called  tartaric  acids  has  become  of  the  greatest  importance  in  the 
development  of  the  chemistry  of  optically  active  carbon  derivatives. 

They  were  the  first  to  be  most  carefully  investigated  chemically, 
optically,  and  crysiallographically,  and  were  used  by  Pasteur  in  the 
development  of  methods  for  the  splitting-up  of  the  optically  inactive 
compounds  into  their  optically  active  components  (p.  65).  Their 
importance  was  increased  in  addition  by  the  fact  that  they  were 
brought  into  an  intimate  genetic  relation  with  fumaricand  maleic  acids 
— two  isomeric  bodies  which  will  be  considered  in  the  next  section 

(P-  50)- 

Should  a  carbon  compound  contain  two  asymmetric  carbon  atoms 

united  to  similar  groups  then  to  the  three  isomeric  modifications  which 

a  compound  containing  one  asymmetric  carbon  atom  is  capable  of 

forming   comes  a   fourth   possibility.     If  the  groups  linked   to  one 

asymmetric  carbon  atom,  viewed  from  the  line  of  union  of  the  two 

asymmetric  carbon  atoms,  show  an  opposite  successive  arrangement  to 

that  of  the  other  asymmetric  carbon  atom,  an  inactive  compK)und  results, 

due  to  an  intramolecular  compensation:    the  action  due  to  the  one 

asymmetric  atom  upon  polarized  light  will  be  canceled  by  an  equally 

great,  but   opposite  action  caused   by  the  other  asymmetric  carbon 

atom. 

The  hyi)othesis  of  the  asymmetric  carbon  atom  gave  the  first  and, 

indeed,  the  only  satisfactory  explanation  for  the  occurrence  of  four 

isomeric  symmetrical   dioxysuccinic   acids.     The  following  formulas 

represent  these  four  acids : 


II 


CO.,H 
-C— OH 


HO C— H 


CO,H 


OH      H 


CO,U 

CO,H 


II 


C— (^H 


II C— OH 


CO,H 


(I)  Dextrotartaric  Acid.      (2)  Lwvotartaric  Acid.    ^3)  Inactive  or  Mesotartaric  Acid. 
Dextrotartaric  Acid  -f  Leevotartaric  Acia  =  (4)  Racemic  Acid. 


[ 
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The  possibilities  of  isomerism  with  carbon  compounds  containing 

ore  than  two  asymmetric  carbon  atoms — a  condition  observable  with 

■the  polyhydric  alcohols,  their  corresponding  aldehyde  alcohols,  and 

ketone  alcohols  (the  simplest  sugar  varieties),  as  well  as  with  their 

oxidation  products,  will  be  more  elaborately  discussed  under  these 

veral  groups  of  compounds. 

Geometrical  Isomerism,  Stereoisomerism  in  the  Ethylene 

Derivatives  {Ailaisomeriim). — Two  carbon  atoms  singly  linked  to 

each  other  whose  valences,  not  required  for  mutual  union,  hold  other 

atoms  or  atomic   groups,    should    be   considered   as  able   to   rotate 

independently  of  each  other  about  their  axis  of  union.     J.  Wislicenus 

assumes,  however,  that  the  atoms  or  atomic  groups  combined  with 

these  two  carbon  atoms  exercise  alternately  a  "directing  influence" 

upon  each  other  until  finally  the  entire  system  has  passed  into  the 

■  favorable  configuration  "  or  the  "  preferred  position."     It  follows 

□m  this  assumption  that,  in  ethane  derivatives  in  which  asymmetric 

carbon  atoms  are  not  present,  structurally  identical  isonierides  cannot 

occur.     When  the  van  't  Hoff  tetrahedron  models  are  employed  to 

represent  two  systems  united  to  each  other  by  carbon  atoms  singly 

linked  then  the  two  systems  rotating  independently  of  each  other  about 

a  common  axis  move  each  in  the  solid  angle  of  a  tetrahedron  (com- 

\  pare  the  projection-formula  of  the  tartaric  acids  shown  above). 

I      A  different  state  prevails  where  the  carbon  atoms  are  doubly  linked. 

I  The  double  union,  according   to  van  'i  Hoff,  prevents  a  free  and 

I  independent  rotation  of  the  two  systems  and  space-isomerides  are 

possible. 

The  tetrahedron  models  represent  this  double  union  in  such  a 
manner  that  two  letrahedra  have  two  summits  in  common  and 
arrange  themselves  about  a  common  edge.  The  differences  in  chemi- 
cal deportment  of  this  class  of  isomerides  are  frequent  and  imporlani. 
They  are  to  be  attributed  to  the  greater  or  less  spacial  removal  of  the 
atomic  groups,  which  determine  the  chemical  character. 

Compounds  having  the  common  formulas  abC  =  Cab  or  abC  =;  Cac, 
I  may  exist  in  two  isomeric  modifications.  In  one  instance  groups  of 
■  like  name  are  directed  toward  the  same  side — according  to  J. 
■"Wislicenus  the  "plane  symmetric  configuration" — or  they  are 
I'directed  toward  opposite  sides — then  they  have  according  to  the  same 
I  author  the  central  or  axially  symmetric  configuration.  Baeyer 
Pfiuggests  for  this  form  of  asymmetry  the  term  "relative  asymmetry  "  in 
'  conlradistinclion  to  the  kind  of  asymmetry  which  substances  with 
asymmetric  carbon  atoms  show;  the  latter  he  prefers  to  call  "absoluie 
asymmetry."  The  structurally  symmetric  ethylene  dicarboxylic  acid 
is  the  most  striking  example  of  this  class  of  isomerism.     It  exists  in 

I  two  isomeric  modifications.  They  are  fumaric  and  maleic  acids.  Both 
bave  been  very  carefully  investigated.  Maleic  acid  readily  passes  into 
)UI  anhydride,  hence  the  plane  symmetric  configuration  is  ascribed  to 
It-  Fumaric  acid  does  not  form  an  anhydride  ;  to  it  is  given  the  axial 
■jrmmetric  configuration.     In   this  the  two  carboxvl  grou[«  are  as 


a1 

I 

i 
•■ 

CI 


J 


^o 
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wifMy  rfrmoved  frcnn  each  otiirr  as  possible.  In  projection  formulas 
and  in  '•trjctun]  fonnalas,  to  wiiich  there  is  given  a  spacial  aspect,  the 
r'>nfi;rtjration  of  these  two  acids  would  be  represented  in  the  following 


wav  : 


HC.COjH 

^     II 
HCCO,H 


Ci^ 


Mrtlric  AcUi. 

IMnfir  Symmetric 

('iiiirtKUtntioti. 


ec^M 


HOjCCH 
HC. 


CO,H 


*  Fomaric  Acid. 
Central  or  Axialljr  Symmetric 
Configuration. 


I  lie  p4« iinoriHtii  of  incsaconic  and  citraconic  acids,  (CH,)  (CO,H)  C  = 
<  1 1  (  Co, I  h,  is  of  the  same  class ;  the  first  acid  corresponds  to  fumaric 
«n  III  (inil  \hv  sorond  to  maleic  acid.     Further  examples  of  the  class  are  : 


I  ♦mImmU   awA  t«oorotonic  Acidt,  .  CH,  CHrCHCO,  H. 
N»MJ»il»  rtM.l    httlir  AoitU.    .    .    .  CIL.  CH :  C  (CHj)  CO,H. 

HU»,  .»,»,t  I  l.u.lu  At  nil C,4  H„  CH :  CHCOjH. 

\■^^u  I,  .»M.I  M«,»"Mlr  Ari»U,  .    .    .  C-  H,7  CH:  CH.  C,j  H„.  CO,H. 
1 1«.  \\\^y  .•  «  Moi>  ixMoMic  AiM^U,  .  CHj.  CH  :  CCl.  CO,H: 
i  »  MiMM\«toi\ir  Acids  •  CHj.  CCl :  CH.  CO-H. 
>     I.U^u  tM.hlondrv  .    .  CJ f ,  CCl :  CCl  C,  H.. 
h»lM>vuudc*.  .    ,  Cj  IK  CBrrCBr  C-  H.. 

\ HNVMillvuov  .  NO,  [2]  C,  IL  [ij  CH  :  CH  [i]  C,  H^  ]2]  NO,. 

\  uuv  »i»^«.   M»,\  Ml.s  ^»\<\.Muu    \\id».i*,,  \\y  CH  :  ClI  C  C),H. 

U»     ♦.».«    -  lu>M^w  hsu.uuu    \»  kU»  1,1  Hj.  I'll  :  CBr  CO,H. 

I  hxN.*^\^  *»MMmu       "      i',  U^.  CHr:  CH  Cl\H. 

-       Mv^  [2]  (\  H,  [I]  CH  :  CH.  CO,H,  etc. 


»    \   SU^t^^^s 


\     u»  »u  ^>S/>s^t\^M\.^  xM  0\iN  kind  MiohAcl  designates  a/Z^-zV^TM^TYVM  .* 
k»         .v,v,    V    \\  .*v    1.  Ss^xw'wM,  Uv^  As«iuinpiion  as  to  its  cause.     When, 
ui    v\  o»     s.    '     s,  >  '  .v\  S^\i',.  A  N\lv  t\As:s<s  into  a  more  stable  modifi- 
*N      k^  s    \s »      ^'n^  ''  tv^  tV  r.Atue  v^'f  the  more  stable  form  ; 

^  «  I   «'^ »  ,  \     ^.  N=x  .iv  i^^uwt  a:  tho  head  of  this  class  of 
i    »    u      k    i   ,  .'  ''\  '\\  v.:-vc  ;V\  hj^>f  Nr^a  most  thoroughly 


\> »      v\     \^  • 


\   » 


\ 


I  V 


\ 


> 


•  \ 


^  ^    >    'sv-t  xv^  iV  ^^fco  oi>s:ca".y  ir.acvS-e  dioxvtar- 

*    s  •  »  »,  u  ^  >     >,   I'visV  sVvV-,u^  rvUvoK  v:\  4^^.     Kekul^ 

I  nsh.i  ,  '4.  v\  =s^,.iw     »» -.v  •.*.*vii*^:A:^ji:<' tutoiac  acid  was 

^-  -  '  ^ •^  u  ,   4,  J    \mJ  '{KiC'-s  As  \l  ■•*:",^  axfsccArtiric  acid. 
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The  structure  will  be  influenced  by  the  configuralion.  Tlie  relations 
are  similar  in  the  case  of  the  coumaric  acids  (see  these). 

Dacyer  considers  Ihal  llie  Isoincrigin  of  the  saluraled  iso-  or  carbocyclic  compounds, 
M  will  be  more  fullj'  eiplaloed  when  the  hexahydioplillialic  acids  ore  described, 
bean  a  definilc  reUlion  to  the  alerco-iwinerism  of  ihe  eibylcne  derivalives.  'Hie 
aame  author  maintains  lh«t  the  simple  rinBuoioQ  of  carbon  stoma  viewed  from  > 
slereocbvmical  slandpoint  bus  ihe  same  (igniRcalion  as  tbe  double  union  in  open 
chaiiii.  1  berefore,  stereo- iaomerism  in  the  cartion  compounds  with  double  union  | 
would  appear  merely  as  ■  special  case  of  isomerism  in  simple  ring-unions.  Bnumann 
applied  tbis  idea  to  laturuled  heterocyclic  com|x>unds — lo  the  polymeric  ihloaldehydes 
(see  (bcse). 

Baeyer  suggested  Ibe  inUoducIion  of  a  common  symbol  for  alt  geomeUical 
isumerides ;  it  vtat  the  Greek  letter  /'.  Tbe  addition  of  an  index  will  enable  one  u> 
readily  e>pre<<a  the  I>ind  of  isomerism.  In  ihe  ciae  of  compounds  which  contain 
absolute  asymmetric  caibon    atoms^    Ihe  signs  -| can    be  employed.      Thus  the 

De«lto-larlaric  Acid  =  r+  +  1 

I^evo-      "  ■■     = /■ I  Tartaric  Acid 

are  understood  without  special  explanation.  In  the  case  of  iclalive  asymmetry  in 
unsaturated  compounds  and  saluialed  lings,  Baeyer  proposes  to  use  the  terms  n'l  and 
Iram.  Maleic  Acid^=/bis,  cit  or  bnefly  /'cis  ethylene  dicirboxylic  acid,  while 
fumaric  acid  ^  Zeis,  tians  ethylene  dicarboxylic  acid. 

The  ready  formation  of  iso-  or  carbocyclic  and  heterocyclic  com- 
pounds has  been  attributed  to  the  spacial  arrangement  of  the  atoms,  in 
:ase  that  five  or  six  atoms  lake  [lart  in  the  ring  formalion. 

Such  stereochemical  considerations  will  be  duly  observed  in  the 
introduction  to  the  iso-  or  carbocyclic  compounds,  as  well  as  in  the 
introduction  to  the  heterocyclic  derivatives,  and  in  the  discussion  of 
the  cyclic  carboxylic  esters  or  lactones,  the  cyclic  acid  amides  or 
lactams,  the  anhydrides  of  dibasic  acids,  etc. 

Hypotheses  Relating  to  Multiple  Unions  of  Carbon. — The 
multiple  unions  of  carbon  are  important  in  stereochemical  considera- 
tions, hence  there  has  not  been  a  lack  of  search  into  the  nature  of  this 
tmionaswell  as  attempts  to  represent  it.  All  investigations  in  this 
direction  demonstrate  how  difficult  it  is  at  present  to  undeisland  so 
obscure  a  force  as  chemical  attraction  or  affinity  resting  upon  a 
mechanical  basis.  Despite  the  demand  and  necessity  that  may  exist  for 
the  introduction  of  hypotheses  dealing  with  the  mechanics  of  multiple 
linkage  the  views  thus  far  presented  are  in  many  essentials  contradic- 
tory and  not  one  has  won  general  recognition  for  itself.  See  Baeyer, 
B.  18,  2277;  23,  1274;  Wunderlich,  Configuration  organischcr 
Molecule,  Leipzig  (1886) ;  Lossen,  B.  ao.  3306;  Wislicenus,  B.  ai, 
581;  V.  Meyer,  B.  ai,  265  Anm.;  as.  581.618;  V.  Meyer  und 
Rlecke,    B,     ar,    946 ;    Anwers,    Entwicklimg    der    Stereochetnie 

t (Heidelberg  1890),  ]i.  22-35  ;  Naumann.  B.  as,  477  ;  Brilhl,  A. 
an,  162,  371  ;  Deslisle,  A.  aCg,  97  ;  Skraup,  Wien.  Monalsh.  la,  146. 


I 
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I  of   nitrogen  C( 


!;2  ORGANIC   CHE341STRV. 

&N  prevmiled  in  cau-lon  coaipoonds,  led  to  the  tnwsfeieiice  of  slereocbemical  rtews  to 
the  nitrogen  atom.  There  appeared  to  be  an  **  absolute  nitrogen  asymmetry*^  corres- 
ponding to  the  '*  absolute  cari>on  asymmetry/*  Examples  c^  this  class  existed  accord- 
ing to  I^  Bel  in  the  unstable,  optically  active  modification  of  methyl -ethyl -propyl- 
i>obutyl  ammonium  chloride  (C.  r.  lis,  724)- 

The  isomerisms  of  the  oximes,  accofding  to  Hantxsch  and  Werner,  and  those  of  the 
hydroxamic  acids,  according  to  Werner,  conespond  to  the  **  relatiTe  asymmetry'  '*  that 
the  doubly-linked  carbon  atoms  are  capaUe  of  causing. 

Intramolecular  Atomic  Rearrangements. — Many  investiga- 
tions have  shown  that  certain  modes  of  linking,  apparently  possible 
from  a  valence  standpoint,  cannot,  in  fact,  occur,  or  when  they  do 
take  place  are  possible  only  under  certain  definite  conditions.  In 
reactions,  fur  example,  in  which  two  or  three  hydroxyl  groups  should 
unite  with  the  same  carbon  atom,  asplitting-off  of  water  almost  invari- 
ably occurs  and  oxygen  unites  doubly  with  carbon,  e.g.^ 

/"  /  /^-"\    -H,0  jy 

CM/:  — n ^1  cu,.c  — o  — H  ) >-CH,cf^ 

\n  \  \n        /  ^» 

/"  /      /^-"\      -H,o  /O 

II. C— a  ->-  I   HC— O— H   I >'€»■(' 

\n  \     \o-h/  ^o-" 

On  the  other  hand,  the  ethers  derivable  from  these  unstable  **alco- 

liols  "  are  stable  : 

/O.  C^Hj  O.  C,Hj 

CHj.C— O.  CjHj       and        HC— O.  CjHj 

^H  "^O.  CjIIj 

In  other  rases  there  is  a  splitiing-offof  an  halogen  hydride,  water  or 
airnn<;nia  with  the  production  of  an  unsaturated  body,  or  an  anhydride 
ol  a  dibasic  acid,  or  a  cyclic  ester  (a /t/r/t?//^?),  or  a  cyclic  amide  (a 
1. 1 1  tarn).  In  these  reactions  two  molecules  result  from  one  molecule, 
III  vvliir  h  atoni-p;roni>s  occur  in  unstable  linkage-relations.  Together 
sMili  thr  or^'anic  molecule  there  is  formed  a  simple  inorganic  body. 
Ilowi'vtr,  this  ronrse  is  not  the  only  possible  direction  of  change. 
On  the  contrary,  by  intramolecular  atom  rearrangement,  unstable 
atoNiir  groupings  pass  in  the  moment  of  their  formation  into  stable 
(ornis,  thr  molecular  magnitude  at  the  same  time  not  altering.  The 
\\yji\\ii\iy\\  at<,m  especially  is  inclined  to  wander.  This  is  also  true  of 
olJM-r  gioiip^:  ^///;v/  and ///^;/)'/ groups.  To-day  the  number  of  phe- 
nomena ol  this  (lass  is  remarkably  large.  A  few  examples,  however, 
will  siiMi<  c.  A  bee  hydroxyl  group  adds  itself  in  most  cases  to  a  car- 
bon atom  it)  double  union  with  its  neighboring  carbon  atom.     When 
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intramolecular  atom- rearrangements  occur  the  hydrogen  of  the  hydroxyl 
attaches  itself  to  the  adjacent  carbon  atom,  and  oxygen  of  hydroxyl 
unites  doubly  with  carbon  (Erlenmeyer's  rule,  B.  13,  309;  25,  1781). 


•CHBr 
CH, 

CH, 
CBr 
CH, 


j^ 


/CH.OH\ 

\CH,       / 
Vinyl  Ahcohol. 


/3-AlIyI  Alcohol. 


CHO 

CH, 
Aldehyde. 


CH, 

— m:=o 
I 

CH, 
Acetone. 


However,  the  ethers  obtained  from  vinyl  alcohol  (see  this)  are 
stable:  CH^CHO.QHj  and  CH,=C(0.QH5)— CH,  are  known. 

It  may  also  be  imagined  that  a  transposition  such  as  that  described 
above  can  occur  by  two  unstable  and  similar  molecules  rearranging 
with  each  other,  so  that  two  similar  stable  molecules  result : 

CHj^CH.OH  CHj.CHO 

HO.CHz^CH,  OCH.CH, 

An  elevation  of  temperature  is  necessary  to  induce  many  of  these 
reactions.  Both  compounds  are  capable  of  existence.  Unsaturated 
acids  pass  into  lactones.  The  intramolecular  atom-rearrangement 
proceeds  in  a  direction  favoring  the  formation  of  a  stable  ring : 


(CH,),C 

II 
CH— CH,.CO,H 


(CH,),C. 


O 


CH,~CHj— CO 
Isocaprolactone. 


In  Other  unsaturated  compounds  we  observe  that  the  unsymmetrical 
is  transformed  into  a  symmetrically  formed  body  through  the  rearrange- 
ment of  the  double  linking  of  carbon  : 


CH2:CH.CH2l 
Allyl  Iodide. 


KCN 


->  CH,  :  CH.CHj.CN  — ^  CH,.CH  :  CH.CN— > 

Nitrile  of  Crotonic  Acid. 
CH,.CH:CH.CO,H 
Crotonic  Acid. 


CH,  =  C  — CO 

\ 

/ 
CHj.CO 

Itaconic  Anhydride. 


O---^ 


O 


CH3.C  —  CO 
\ 

tH— CO 
Citraconic  Anhydride. 


The  esters  of  hydrosulphocyanic  acid,  under  the  influence  of  heat, 
rearrange  themselves  into  the   isomeric  mustard  oils,  sulphur  unites 
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doubly  with  carbon  and  the  alcohol  radical  that  had  previously  been  in 
union  with  sulphur  links  itself  to  nitrogen  : 


CjHj  — S  — C=N  — 

AUyl  Sulphocyanide. 


Allyl  Mustard  Oil. 


Isonitriles  or  carbylamines,  when  heated,  pass  into  nitriles;  the 
alcohol  radical  previously  in  union  with  nitrogen,  wanders  over  to 
carbon  : 


Phenyl  Carbylamine. 


-m:,Hj  —  c  =  n. 

Benzonitrile. 


Other  rearrangements  among  the  atoms  of  compounds  only  transpire 
as  the  result  of  the  action  of  an  energetic  acid  or  a  powerful  base. 
Indifferent  bodies  pass  over  into  basic  and  acid  compounds: 


NH.CjIIs 


HCl 


Hydrazobenzene  (indifferent). 


CO.C.H^ 


CO.Cgllj 
Henzil  (indiflerent). 


or  H2SO4 


C,H^.NH, 

CjH^.  NH, 
Benzidine  (diacid  base). 


KOH 


C.H, 


C.H, 


C(OH)CO,H 


Benzilic  Acid. 


Pseudo-forms,  Pseudomerism  (Tautomerism,  Desmo- 
tropy,  Merotropy). — In  most  of  the  intramolecular  rearrangements 
it  was  the  hydrogen  atoms  that  wandered.  Alcohol  radicals  and  phenyl 
groups  are  prone  to  do  the  same.  It  was  in  this  way  that  a  gradual 
knowledge  that  many  groups  were  unstable  and  stable  sprang  up.  In  the 
case  of  many  bodies  it  became  to  be  known  that  apparently  they  could 
react  in  accordance  with  two  different  formulas.  In  other  words,  as 
our  constitutional  formulas  were  deduced  from  chemical  deportment, 
it  may  be  said  that  compounds  existed  to  which  two,  and  under  cer- 
tain circumstances  more,  constitutional  formulas  could  be  ascribed. 
Haeyer  (B.  16,  2188)  explained  this  phenomenon  in  such  a  manner 
that  the  stable  bodies,  under  heat  influence  or  reagents,  passed  into 
unstable  modifications.  **  These  isomerides  are  only  known  in  com- 
pounds ;  in  the  free  state  they  revert  to  the  original  form.  Their 
instability  is  referable  to  the  mobility  of  the  hydrogen  atoms,  since 
the  replacement  of  the  latter  is  followed  by  stability  "  (compare  A.  W. 
Hofmann,  1^.  19,  2084).     Mention  may  be  here  made  of: 
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Cyanic  Acid. 


Known. 


Known. 


/    OF    THE   LARBON   COMPOUNDS.        $j^M 
^S  —  R  ^S 


— CH            -CH, 
— C.OH        —CO 

[bodi-itnid 
'■£■. 

CHCo,c,ir, 

A(OH).CH, 

CH,.CO.C,H, 

(lu.CH, 

— N            -NH 

II        or        1^ 

C.H.C^  II 

^COCOH 

■lie  Ejt=r. 

.  NH 
or    C.H.r'      1 
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Baeycr  proposes  to  represent  the  unstable  raodificatioos  by  the  desig- 
nation " pseudo."  Pseiidomerism  is  the  term  that  will  be  adopted  in  this 
work  for  the  phenomenon  in  which  one  and  the  same  carbon  compound 
can  react  in  accordance  with  different  structural  formulas.  The  unstable 
form  of  a  derivative  will,  therefore,  take  the  name  "*  pseudoform  "  orj 
■'  pseudo-modification."     In  sume  instances  both  forms  are  known, 

ll  is  Qoleworthy  (hat  most  "  pgeudomeric  "  compounds  btc  acid  in  nature ;  ihej'  ■ 
r>n  (onn  salu.  Wtieo  these  salts  are  (reeled  wUh  alkylogeits  or  icylhaloids  the  two 
cldsses  of  iratnerides  nppear.  H,  Goldschmidt  (B.  33.  253)  reCen  this  phenomenon 
If  the  appranince  of  tree  ions.  Hence  in  passing  jmt|;nicnl  upon  questions  of 
pseudomerisin  only  those  reactions  can  be  CDOsidered,  froni  which  electrolvlic  disso- 
ciation is  excluded.  Michael  (J.  pr.  Ch.  37.473)  olTers  the  thought  (and  it  is  wonhjr  I 
of  every  considemtion)  tbal  in  the  tranxpoMlions  of  the  salts  by  orgnnic  haloids  iwad 
indtpendeni  processes,  depending  on  the  conditions  present,  take  place  ;  there  is  A^ 
simple  exchange  in  that  the  organic  radical  takes  the  place  of  the  melal,  or  the  radical^ 
haloid  Erst  adds  itself  Bnd  sulnequenlly  Ibe  metallic  haloid  separates. 
case  ihe  organic  radical  assumes  a  position  ditiereni  from  thai  previously  held  by  the 
metallic  atom  (compare  atetoacetic  ester  and  malonic  ester).  Nef  has  recently  main- 
tained the  correctness  of  Michael's  view. 

Laar,  on  the  contrary  (following  Butlerow,  A.  189,  77,  van  'I  Hoif,  Ansichltn 
Dberdle  organische  Cbemie  a,  36j,  and  Zincke,  B.  17,  30JO),  assumes  that  such  com- 
pounds consist  of  a  mixture  of  structural  isomerides,  in  that  an  easily  molitle  hydro- 
gen Blom  oscillates  between  two  positions  in  equilibrio,  and  thereby  the  entire  complex 
becomes  mobile.  He  designates  Ihe  phenomenon  as  tautomiry.  Discarding  the 
uncertainty  introduced  into  the  classification  of  the  carbon  compounds  by  the  accept- 
ance of  this  view,  it  has  beeo  noted  that  carbon  compounds  which  Laar  considers 
mixtures  of  structurally  isomeric  bodies  do  not  differ  in  their  physical  properties  from 
carbon  compounds  which  offer  no  place  in  their  structure  for  this  equivocal  assump 
lion.  By  ihe  assumption  of  lautomerism  with  the  underlying  meaning  assigned  it  \  ~ 
Laar,  Ibe  experimental  solution  of  the  problem  as  to  the  conditions  under  wbi< 
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pseudo  forms  are  capable  of  existence  is  without  object,  although  from  the  nature  of  the 
case  the  identification  of  easily  alterable  intennediate  reaction-products  must  continue  to 
l:>e  one  of  the  most  dithcult  problems,  yet  success  has  been  met  with  in  quite  a  number 
of  cases.  The  indefatigable  labors  of  Kaoul  Pictet,  made  with  low  temperatures, 
have  brought  to  light  splendid  results.  These  are  at  the  disposition  of  chemistry,  and 
in  the  light  of  these  new  data  the  experiments  relating  to  the  determination  of  the 
condiiions  under  which  unstable  modifications  can  exist,  deserve  to  receive  careful, 
renewed  attention. 

The  preceding  section  was  prepared  in  1893.  Since  then,  numerous  confirmations 
of  these  views  have  been  found.  The  ketones  constitute  the  most  important  class  of 
compounds,  which  are  tautomeric  according  to  Laar.  In  them,  as  in  acetoacetic 
ester,  the  oscillation  is  between  the  ketone-  and  the  hydroxyl  formula  or  enol 
formula.  That  the  ketone  formula  is  present  in  acetoacetic  ester  (see  this)  may  be 
accepted  as  established. 

The  investigations  of  Claisen  (A.  291,  25),  of  Guthzeit  (A.  285,  35).  of  W.  Wisli- 
cenus  (A.  291,  147),  and  of  Knorr  (A.  293,  70)  have  demonstrated  that  there  exist 

I 

compounds  of  the  form  —  C(OH)  =  C  —  CO  — ,  which  readily  pass  into  the  form 


—  CO  —  CH  —  CO  — ,  and  conversely  are  easily  produced  from  the  latter :  •*  The 
character  of  the  added  residue,  the  temperature  and  the  nature  of  the  solvent,  in  the 
case  of  dissolved  substances,  determine  which  of  the   two  forms  will  be  the  more 

I 

stable.'*    Claisen  appears  to  think  that  the  rearrangement  of  the  group  R  —  CO  —  CH 

I 

—  into  R  —  C(OH )  r=^Q  —  will  occur  more  readily,  according  as  the  radical  R  —  CO 
is  more  negative.  He  designates  the  acid  enol-form  the  a-compound,  and  the  neutral 
keto-form  the  /?-body,  e.  g.^ 

a-Acetyldibenzoyl  methane  —  CHj.C(OH)  =  C(COC,H5)- 
.3- Acetyldibenzoyl  methane  —  CH5.CO HCi^CO.CjHj),. 

To  avoid  misunderstandings  or  confusion  it  would  be  better  to  characterize  the 

«  body  by  a  name,  expressing  its  constitution  ;    thus,    a -methyl -^i-dibcnzoyl-vinol. 

The  determination  of  the  molecular  refractions  (Bruhl.  J.  pr.  Ch.  [2]  50,  1 19)  and 

of  the  magnetic  rotations  (W.  H,  Perkin,  Sr.)  is  a  most  valuable  aid  in  the  chemical 

inve>>tigation  of  such  isomerides. 

Wliile  these  readily  introconvertible  isomerides  possess  an  entirely  distinct  chem- 
ical character  and  liclong  to  different  classes  (alcohols  or  ketones),  bodies  exist 
wliich,  according  to  their  method  of  formation,  appear  in  two  modifications  belonging 
l<»  the  same  class,  yet  show  themselves  to  be  identical,  e.  g.^  diazoamido- compounds, 

HI  HI 

ainulmc^  and  formazyl  derivatives  of  the  common  types    R'  and   R\  , 

^NHY  "^NY 

in  which  R  is  similar  to  •  N  in  the  diazoamido-compounds,  to  •  CH  in  the  amidines, 
.ind  to  .  N  :  (."II.  N  :  in  the  formazyl  derivatives,  while  X  and  V  represent  two  diflfcr- 
rnt  uiiivahnl  hydrocarbon  radicals.  Knorr's  methyl  pyrazole  (see  this)  belongs  in 
tliis  category.  Following  the  example  of  Kekul6  (compare  Constitution  of  Benzene) 
this  j>h(M)om('non  has  been  explained  by  osciUaiions  or,  as  Knorr  expressed  it,  by 
fliHitini^  linkinj^s  (A.  279,  188) :  the  imide  hydrogen  atom  is  supposed  to  oscillate 
between  two  nitrogen  atoms,  BrUhl  proposes  the  name /Art.f<?/rf>// for  the  phenom- 
en(»n  itself  (IJ.  27,  2396),  while  v.  Pechmann  designates  it  tv>//W /rttt/^///<»m/w  (B. 
28.  2362). 

Akin  to  the  idea  of  pseudotnerism  is  the  idea  of  desmotropy^  derived  from  6ea^6^^ 
link,  union,  and  r/^/n-fiv,  to  change.  (P.  Jacobson,  B.  20,  1732  Anmerk.;  21,  2628 
Anmerk.;  Ilantz.sch,  B.  20,  2802  ;  21,  1754  ;  FSrster,  B.  21,  1857).  Michael  suggests 
the  term  wero/ropy  {].  pr.  Ch.  [2]  45.  581  Anra.;  46,  208). 
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The  slendiljr  Incrensing  number  of  carbon  derivatives  has  shown  iIibi  definitr 
principles  should  determine  tbeir  designslion.  The  absence  nf  geneml  and  inler' 
nAlional  rules  where  ihey  were  poBsiblc  has  led  lo  great  confusion  in  Ihc  nomeocUlure. 

Compounds  originating  (rom  plants  and  animak  received  names  that  indicated  their 
oriein,  and  often  at  the  seme  time  tlteir  cbaractertslic  chemical  properties:  Urea,  uric 
acid,  tanar,  tartaric  acid,  formic,  oxalic,  malic,  citric,  salicylic  acids,  etc.  With  a, 
large  class  of  bodies,  t.  g.,  the  bases,  glucosidea,  bitter  principles,  fats,  etc.,  it  wu 
customary  to  employ  the  ending  "ine"  :  cod iine,  nicotine,  guanidine,  crealiue,  belalDC, 
salicine,  amjgdaline,  glycerine,  stearine,  etc.,  and  in  the  terminations  al,ol,  an,  en,  yt, 
ylene,  ylidene,  the  effort  was  made  to  show  the  similarity  of  certain  compounds, 
vritboul,  however,  proceeding  in  a  connected  way. 

The  more  thoroughly  the  conslilution  of  bodies  became  known,  the  greater  was 
the  desire  to  express  the  manner  in  which  the  atoms  were  united  by  names.  This 
was  especially  true  in  the  case  of  isomeric  compounds.  The  manner  in  which  this 
was  done,  however,  was  left  lo  the  choice  of  the  individual,  and  thus  it  happened  that 
often  one  and  the  same  derivative  received  diEfercnt  names,  tliese  being  in  substance 
identical. 

Of  the  eatly  suggestions  on  nomenclatart  that  of  Kolbe  |A.  113,  307}  on  .arbinoi 
deserves  special  consideration.  As  is  known,  Kolbe  referred  the  names  of  the 
motiobydric.  saturated  alcohols  bacli  lo  the  name  tarbinol.  In  order  to  make  this 
principle  more  general,  we  should  pmceed  as  follows:  Ascertain  the  carbinol  or 
carbinols  for  each  class  of  compounds — that  is.  find  those  bodies  from  which  Ihe 
hmnologues  might  be  derived,  just  as  the  monohydric,  saturated  alcohols  might  lie 
deduced  ftom  methyl  alcohol  or  caibinol.  Wilhonl  allempting  at  ibis  time  lo  deter 
mine  the  limits  of  the  '■  carbinol  nomenclature,"  il  will  suffice  lo  remark  thai  in  the 
case  of  the  paraffin  dicarbojylic  acids  all  the  normal  homolc^ues  are  the  carbinols, 
if  I  may  so  call  tbem  ;  t.  g.,  malonic  acid,  succinic  acid,  normal  glutaric  acid,  adipic 
■cid,  etc.  .  Indeed,  names  such  as  monomelhyl  malonic  acid,  ethylmelhyl  malonic 
acid,  symmetric  and  unsymmelric  dimethyl  succinic  acid,  etc.,  arc  so  readily  under- 
stood thai  they  are  really  preferred,  and  are  favorites  with  many  chemists. 

In  iSgj  representative  chemists  of  various  countries  convened  in  Geneva  for  (he 
purpose  of  discussing  a  nomenclature  which  would  clearly  express  the  con^titution  of 
a  carbon  derivative.  The  new  names  adopted  by  the  Geneva  Commission  will,  in 
the  case  of  certain  important  series  of  compounds,  be  observed  in  the  present  text ; 
they  will  be  end.  ised  in  brackets — f,^  ,  [ethene]  for  ethylene,  [ethine]  for  Acetylene, 
Cle.  The  designations  of  the  simpler  bodies — the  names  justified  from  an  historical 
standpoinl  and  deduced  from  importanl  rcaclions^wiU  not  be  wholly  eliminated, 
Thus,  the  names  elh  jl  hydride,  dimethyl  or  melhy!  methane  will  be  used  for  ethane, 
depending  upon  what  relations  are  to  be  especially  emphasized. 

The  new  nomenclature  proceeds  from,  or  begins  with,  the  hydrocarbons.  The 
name  of  the  hydrocarbon  serves  as  the  roof  for  the  names  of  those  substances  which 
contain  their  carbon  atoms  airsngcd  in  a  similar  manner.  The  different  classes  of 
bodies  are  distinguitbed  by  the  addition  of  suffixes  to  the  names  of  (he  hydrocarbons. 
Akobols  end  in  c/,  aldehydes  in  0/,  ketones  in  on,  and  the  acids  in  ari\i — f,  g,, 
[elhanol]  =  ethyl  alcohol,  [etbanal]  =  acetaldehyde,  [propanon]=r  acetone,  [pro- 
panal]  =  propionic  aldehyde,  [elhan-acid]  =  acetic  acid.  These  examples  will 
suffice.  The  more  important  suggestions  will  receive  full  consideration  under  the 
various  classes  of  bodies,  which  are  discussed.  The  principles  of  this  nomenclature 
have  already  encountered  difficulties,  especially  in  attempting  to  indicate  in  name  a 
compound  having  a  mined  character—/,  f.,  the  liody  COH— CH,— CHOH— CO— 
CO.fl,  which  would  be  ftntaHola/oH-aeid.  The  accumulation  of  Eufhxes.  each  of 
which  possesses  a  meaning  peculiar  to  itself,  has  "  conduit  rapidement  A  des  lermes 
tHurres  d'une  complication  facheuae  el  d'une  pmnonciation  diflicile  "  I  Ami  Pictet), 

Compare  K.  Tiemann  :  Ueher  die  Bescblilsse  des  inlematlonalen  in  Cenf  vom  19. 
I  23.  April  iSgj  vcRamraelicn  Congresses  lur  Kcgelung  der  chemischen  Nomen- 
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clatur,    B.   26,    1595.      Ueber  die   Nomenclatur    der  ringf^rmigen  Verbindungen, 
compare  M.  M.  Richter,  B.  29,  586. 


PHYSICAL  PROPERTIES  OP  THE  CARBON  COMPOUNDS. 

It  can,  in  general,  be  foreseen  that  the  physical  as  well  as  the  chemi- 
cal properties  of  carbon  compounds  must  be  conditioned  by  their  com- 
position and  constitution.  Such  a  regular  connection  has  been, 
however,  only  determined  for  a  few  properties ; 

1.  Crystalline  form ; 

2.  Specific  gravity,  density ; 

3.  Melting  point ; 

4.  Boiling  point; 

5.  Solubility; — serve  chiefly  for  the  external  characterization  of  car- 
bon derivatives,  while  (6)  optical  properties— {a)  light  refraction,  (^) 
optical  rotatory  power — and  (7)  electric  conductimty  are  important  in 
studying  constitution. 


X.  CRYSTALLINE  FORM  OF  CARBON  COMPOUNDS. 

The  crystalline  form  of  a  carbon  derivative  is  one  of  its  most  impor- 
tant marks.  By  it  the  body  may  be  recognized  and  distinguished  from 
other  substances.  The  preparation  of  organic  substances  in  measur- 
able forms,  which  could  be  fully  determined,  has  been  of  the  greatest 
importance  in  organic  chemistry.  The  crystalline  forms  of  isomeric 
bodies  are  always  different.  Many  substances  of  organic  nature  can 
assume  two  or  more  forms — dimorphous ^  polymorphous  ;  but  then  each 
is  characterized  very  definitely  by  special  conditions  of  formation  and 
existence. 

When  a  compound  crystallizes  from  the  same  solvent  in  different  forms,  it  is  only 
possible  for  the  one  to  separate  within  definite  ranges  of  temperature.  The4iroit 
between  these  zones,  the  temperature  of  transposition^  is  theoretically  expressed  by  the 
jx)int  of  intersection  of  the  solubility  curves,  belonging  to  the  two  crystalline  forms. 
It  is  only  the  one  or  the  other  form  that  can  appear  under  normal  conditions  above  or 
below  this  temperature.  From  a  supersaturated  solution,  and  indeed  a  supersaturated 
solution  of  the  two  forms,  it  is  possible  artificially,  by  the  introduction  of  one  or  the 
other  form,  to  obtain  each  of  the  two  kinds  of  crystals,  and,  indeed,  both  together. 
This  is,  however,  only  possible  so  long  as  the  supersaturation  continues.  After  that 
one  of  the  two  forms  will  gradually  dissolve  and  that  one  will  remain  which  is  the 
more  stable  at  the  temperature  of  experiment. 

The  temperature  of  transposition  varies  for  each  solvent,  and  when  impurities  arc 
present  in  the  substances  a  greater  or  less  variation  in  the  temperature  will  occur, 
according  to  the  degree  of  impurity.  As  regards  the  stability  of  the  dimorphous 
modifications  of  one  and  the  same  substance,  it  may  be  said  that  this  is  naturally 
dependent  upon  the  temperature.  That  form  will  be  the  more  unstable  which  gives 
off  heat  and  changes  spontaneously  into  the  other  more  stable  modification.  The 
cause  of  these  differences  may  be  traced  to  the  fact  that  chemical  molecules  identical 
in  every  respect  orientate  according  to  different  lawSy  or  unite  to  molecular  aggregates 
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0/  Uifftrtnl  Biagnilutlf.     Such  modificatiiHis  are  molecular  iiemeriiies,  Ihe  |ihen 
enan  being  termed  molti-«lar  isomerism  \physiial  isamrriatn,  Zincke,  A.  iSa,  244;   ' 
O.  Lchmann,  Z,  f.  Krysi.  i,  43,  97.  453), 

Cryslsllinafann  beatt  some  defiaite  relation  lo  tbe  cunstiluliiiD  of  the  carbon  deiiT' 
Allies.  At  present  it  U  true  that  we  really  know  very  little  legarding  this  reluion. 
That  the  slightest  dilferencei  in  chemicsl  constilulioil  (rod  eipression  is  demonslrated 
by  the  optically  active  carbon  derivBlires.  Many  opiically  active  substance*  possess 
a  liemibedral  ronn.  and  the  two  optically  sctive  mrxlificitions  of  a  caibon  compound, 
nllhough  they  exhibit  the  same  gennietricnl  conslanls,  are  dislinguislied  by  peculiar 
left  and  right  types  tenanljomorphous  fonnsl.  They  are  not  superposable.  'I'he 
difTerence  between  two  optically  active  modificatioDS,  in  which  the  aloms  are  similaily 
combined,  is  only  due,  according  lo  the  bypotbesis  of  an  aiymmtrric  caibon  alom 
(p.  4S).  10  the  ditference  in  arrangement  of  the  alouis  within  the  molecule.  From  this 
it  Totlows  that  this  vaiiaiion  in  arrangement  liuds  eiptession  in  (he  cryslalline  I 
(Compare,  further,  B.  ag,  1692.) 

Laurent,  Nicklds,  de  la  ProiDslsye,  Pasteur,  lljortdabl  (see  F.  N.  Hdw.  3,  855) 
interested  theroselTcs  in  the  determination  of  the  influence  that  chemical  telutioni  of 
organic  bodies  eierled  upon  ihe  geometrical  properties  of  the  crystals  of  the  bodies 
under  considemlioa.  Tliis  problem,  however,  Eirst  appeared  in  the  foreground  of 
cry  stall  (graphic  study  after  1'.  Groth  introduced  tbe  idea  of  motpholropy  (Pogg,  A 
141,  31).  By  this  term  was  underslood  the  phenomenon  of  regular  alleration  ol 
CryMalllne  form  produced  by  the  entrance  of  a  new  olom  or  atomic  group  for  hydro 
gen.  GroCh,  Itlnlie,  Bodewig,  Arzruni,  and  others  called  frequent  attention  lo  such 
iDorpholropic  relations  particularly  with  the  aromatic  bodies  (compare  Physikal. 
Chemic  der  Krystalle  von  Andreas  Armini,  1893). 

The  knowledge  of  the  connection  of  crystalline  form  and  chemical  conslitutic 
funhetmore  tendered  diflicull  Iiy  the  fact  that  as  yet  accurate  delerminalion  of  the 
magoiluiie  of  the  crystal -molecule  or  crystal -element  cannot  be  made.  The  possi- 
bility of  doing  this  in  the  future  may  perhaps  be  found  in  van  '1  ItofTt  theory  of 
solid  solutions. 

So  soon  as  Ihe  magnitude  of  the  crystal  molecule  is  known,  we  may  expect  a  better 
insight  into  ihe  relations  existing  between  crystalline  form  and  chemical  constilulion 
iban  has  heretofore  been  possible.  Aslo  the  rdle  of  water  of  cryelalliiation  ii 
salts  of  organic  acids,  consult  Z.  f.  phya.  Ch.  ig,  44I. 
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a.  SPECIFIC  GRAVITY  OR  DENSITV. 

By  this  terra  is  untieretood  the  relation  oT  the  absolute  weights  of 
equal  voUitnes  of  botiies,  in  which  case  we  take  as  conventional  units 
of  comparison,  water  for  solids  and  liquids,  and  air  or  hydrogen  for 
gaseous  bodies  (see  p.  27).  The  number  representing  the  specific 
gravity  of  a  computind  is  as  great  as  that  representing  its  density.  It 
frequently  occurs,  therefore,  that  the  terms  specific  gravity  and  density 
are  used  for  each  other. 

Density  ofGintous  Boilits. — For  these,  as  we  have  already  seen,  the 
ratio  of  the  specific  gravity  (gas  density)  to  the  chemical  composition  is 
very  Bimpte.  Since,  according  to  Avogadro's  law,  an  equal  number 
of  molecules  are  present  in  equal  volumes,  the  gas  densities  stand  in 
Ihe  same  ratio  as  Ihe  molecular  iveighls.  Being  referred  to  hydrogen 
as  unit,  the  gas  densities  are  one-half  the  molecular  weights.  There- 
fore, t\\e  specific  volume,  i.  e.,  theqtiutienl  of  the  molecular  weight  and 
specific  gravity,  is  a.  constant  quantity  for  all  gases  (at  like  pressure 
and  leinpcralure). 
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Density  of  Liquid  and  Solid  Carbon  Derivatives. — In  the  solid  and 
liquid  states  the  molecules  are  considerably  nearer  each  other  than 
when  in  the  gaseous  condition.  The  size  of  the  fnolecules  and  their 
distance  from  each  other  are  unknown  to  us ;  the  latter  increases,  too, 
with  the  temperature  ;  therefore  the  theoretical  groundwork  for  deduc- 
tion of  specific  gravities  is  far  removed  from  us.  However,  some 
regularities  have  been  empirically  established.  These  appear,  upon 
comparing  the  specific  volumes  or  molecular  volumes,  the  quotients  of 
the  molecular  weights  and  specific  gravities. 

The  relations  between  the  specific  volumes  of  carbon  compounds  were  first  systemati- 
cally studied  by  H.  Kopp,  in  1842  (A.  64,  212  ;  92,  I ;  94,  257 ;  96,  153,  etc.,  to 
250,  i).  He  felt  justified  from  his  observations  in  proposing:  "That  the  specific 
volume  of  a  liquid  compound  (molecular  volume)  at  its  boiling  point  is  equal  to  the 
sum  of  the  specific  volumes  of  its  constituents  (of  the  atomic  volumes),  and  that  every 
element  had  a  definite  atomic  volume  in  its  compounds.*' 

From  this  it  would  follow  that :  (i)  Isomeric  compounds  possess  approximately 
like  specific  volumes;  (2)  like  differences  in  specific  volumes  correspond  to  like 
differences  in  composition. 

The  most  recent  researches,*  based  upon  an  abundance  of  material,  and  at  the 
same  time  giving  due  consideration  to  the  structural  relations  of  the  carbon  com- 
pounds, prove  conclusively  that  the  supposed  regularities,  mentioned  above,  are 
unfounded.  The  fact  is,  isomeric  compounds  in  no  manner  have  equal  molecular 
volumes,  and  their  atomic  volumes  are  not  constant.  The  volume  for  the  difference 
CH,  is  not  constant  in  the  different  homologous  series.  The  hydrogen  volume  varies 
(see  A.  233,  3x8;  B.  20,  767),  as  also  that  of  oxygen  (A.  233,  322;  B.  19, 
1594).     For  the  molecular  solution-volume,  see  Traube,  A.  290,  43;  B.  28,  2722. 

Hence  the  molecular  volumes  in  nowise  represent  the  sums  of  the  atomic  volumes 
(the  latter  are  scarcely  determinable),  and  the  specific  gravities  and  molecular  volumes 
de()end  less  upon  the  volume  of  the  atoms  than  upon  their  manner  of  linkage  and 
upon  the  structure  of  the  molecules.  Therefore  to  deduce  regularities  in  the  specific 
volumes  it  is  first  necessary  to  carefully  consider  the  chemical  structure  of  the  com- 
pounds. In  this  connection  the  influence  of  the  double  union  of  the  C-  atoms  in 
the  unsaturated  compounds  and  the  ring- form  linking  in  the  benzene  derivatives,  is 
significant.  Assuming  that  the  molecular  volume  of  hydrogen  is  known, — that  it 
equals  5.6, — it  will  he  possible  to  calculate  the  molecular  volume  of  an  unsaturated 
oleRne  compound  if  the  molecular  volume  of  the  corresponding  saturated  paraflin 
body  is  known.  Thus,  pentane  =  117.17  :  therefore  amylene  =  I17. 17  —  2  X 
5.6  ■=  105.97.  In  fact,  the  molecular  volume  of  amylene  equals  I09.95.  Con- 
sequently 109.95  —  *o5-97  =  3  9^ — the  increase  in  molecular  volumes  caused  by 
the  double  linkage  in  amylene  (A.  220,  298;  221,  X04;  B.  19,  1591;  20,  779). 
The  divalent  union  is  therefore  less  intimate  (pp.  38,  51)  and  the  unsaturated  com- 
pounds consequently  show  a  greater  heat  of  combustion  (A.  220,  321). 

In  the  conversion  of  benzene  hydrocarbons  into  their  hexahydrides  there  is  an 
increase  in  volume  which  is  three  times  as  great  as  in  the  conversion  of  the  olefines 
into  tlieir  corresponding  paraffins.  This  would  emphasize  the  theory  that  in  the 
benzene  nucleus  there  are  three  doubly  combined  carbon  atoms.  The  specific  gravi- 
ties of  the  benzene  hexahydrides  is  notably  greater  (consequently  the  molecular  vol- 
umes are  smaller)  than  their  corresponding  olefines,  and  that  accounts  for  the  fact 


^Lossen  and  others:  A.  214,  81,  138;  22X,  61 ;  224,  56;  225,  109;  233,  249, 
316;  243,  X  ;  R.  Schiff,  A.  220,  7X,  278;  Horstmann,  B.  19,  1579;  20,  766  and 
21,  22x1. 


that  in  the  ring-linking  of  tbe  C-  atotas  in  ihe  bi 
contraction  in  volumF  (A.  315,  114  and  B.  zo,  7 
ting  to  the  benzene  deciralives  see  tlor^Imann.  U.  ai.  211 
Chetn,,  t,  649. 

Schroeder  determined  the  specific  volumes  of  a  nuni 
1871;    13,567,1613;    14,  21,  1607,  etc.). 

In  delermining  the  specific  gravity  of  liquid  com- 
ponnds.  a  smBll  bottle — a  pjknnmeter  (I.AndoU.  p.  62, 
Anmerk.  z) — is  used.  Its  contracted  portion  is  provided 
uilli  a  mark.  More  complicated  appacatus  is  employed 
where  greater  accnracy  is  sought  (A.  ao3.  4)  (Hg-  6|. 
Descriptions  of  modified  pyknotneters  will  be  found  in 
Ihe  HartdwSrterbuch  v.  Ladenbui^,  3,  23S.  A  con- 
venient form  by  Ostwald  is  described  in  J.  pr.  Ch.  16, 
396.  To  get  comparable  numbers,  it  is  recommended 
lo  molie  all  determinations  at  a  temperature  of  10°  C. 
and  refer  these  lo  water  at  4°,  and  a  vacuum.  Letting  m 
represent  the  weight  of  substance,  v  thai  of  an  eijual 
volume  of  water  al  10°,  then  the  specilic  gravity  at  20" 
referred  lo  water  al  4",  and  a  vacuum  (with  an  accuracy 
of  four  decimals),  may  be  ascerlnined  liy  the  following 
uion  (A.  ao3,  8) : 

ao  _  w  ■  099707 


leus  there  is  an  oppreciable 
further  invest!  gal  ions  rel  a - 
;i,  and  Neubeck,  Z.  phys. 


M^ 


To  find  the  specific  volumes  al  the  boiling  temperature, 
I   the  specific  gravity  at  any  lemperalnrc,  the  coefficient  of  Flc.  6. 

1  eipanaion  and  ihe  boiling  point  must  be  ascertained  ; 
i  with  these  data  Ihe  S]>ecLlic  g;ntvily  al  the  boiling  point  is  calculated,  and  by  dividing 
J  the  molecular  weight  by  this,  ihere  results  the  specific  or  molecular  volume.  Kopp's 
I  dllslomeler  (A.  qt,  157,  compare  Thorpe,  J,  Ch.  S.,  37,  141,  and  Wcgcr,  A.  lai, 
I  64)  is  employed  in  obiaining  ihe  expansion  of  liquids.  For  a  method  of  geiting  the 
F  direct  specific  gravity  at  the  boiling  point,  consult  Ramsav,  I),  it,  1024  ;  Schi^,  A. 
'  aao,  78,  and  B.  14,  2761  ;  also  Schall,  B.  17,  220I,  and  Neubcck,  Z,  phys.  Ch., 
1,651. 

3.  MELTINO  POINT. 

Evety  pure  carbon  compound,  if  at  all  fusible  or  volatile,  exhibits  a 
defiiiite  melting  temperature.  Il  is  customary  to  determine  this  for 
the  characterization  of  the  substance,  and  to  be  assured  of  its  purity. 
The  melting  point  of  a  pure  compound  is  not  changed  by  recryslalli- 
zation. 

The  slightest  impurities  frequently  lower  the  melting  point  very 

considerably,  whereas  when  foreign  substances  are  present  in  larger 

,    amounts  the  melting  point  varies  and  is  not  well  defined— i.  e.,  there 

I  is  not  a  definite  melling  point.     Pressure  influences  the  fusion  point 

I  in  a  very  slight  degree. 

DtUrmination  0/  Ihf  AfcUinx  Poinl. — Such  a  delermination  is  most  accurately 
I  tnade  by  immersing  the  ibermomeler  in  a  mollen  substance.  However,  this 
I  pTPCcdnre  would  require  targe  quantities  of  material  (l^ndolt.  R  aa,  R.  63S). 
I  OrdiniHIy.  a  small  quantity  of  the  finely  pulverized  malerinl  is  introduced  into  11 
r  ca[Mtlaryluhe,  closed  al  one  end.  and  this  ii  altacheil  to  a  ibermomeler  by  a  ihiu 
I  platinum  wire,  or  by  adheiion  through  a  drop  of  sulphuric  acid  :  ihe  Ihermumeler  and 
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capillary  tube  are  then  raised  somewhat.  A  beaker  glass  containing  sulphuric  acid 
or  liquid  paraffin  is  used  to  furnish  the  heat.  A  glass  stirrer  is  mov^  up  and  down 
to  equalize  the  temperature.  A  long-necked  flask,  containing  sulphuric  acid,  is 
sometimes  employed.  In  either  case  a  test-tube  is  inserted  or  fused  into  the  neck. 
In  the  latter  case  it  is  necessary  that  the  flask  should  have  a  side-tubulure,  as  shown 
in  Fig.  7  (B.  lo,  1800;  19.  1971,  Am.  5.  337). 

When  the  mercury  thread  of  the  thermometer  extends  far  beyond  the  bath 
it  is  necessary,  in  accurate  determinations,  to  introduce  a  correction.  This  is 
done  by  adding  the  value  n(T— t)  o.cxx>i54  to  the  observed  point  of  fusion  ;  n  is  the 
length  of  the  mercury  column  projecting  beyond  the  bath  expressed  in  degrees  of 
the  thermometer,  T  is  the  observed  temperature,  and  t  the  temperature  registered 
in  the  middle  of  the  projecting  portion  of  the  mercury  column.  0.000154  is 
the  apparent  coefficient  of  expansion  of  mercury  in  glass  (B.  2a,  3072:    Literatur 

und  Tabellen).  After  the  melting  point  has  been 
approximately  determined  with  an  ordinary  ther- 
mometer a  more  accurate  determination  may  be 
made  by  introducing  a  shorter  thermometer, 
divided  into  fifths,  with  a  scale  carrying  a 
limited  number  of   degrees    (about   50^).      See 

Fig.  7. 

The   melting  points  of  the  same  compound, 

made  by  different  observers,  often  accord  more 

I  B  I         poorly  than  desirable  for  identification  purposes. 

^^  I  1  r  This  is  not  so  much  due  to  the  thermometers  as  to 

/  ""^  \   ^.A>^  r  ■!         ^^^  manner  in  which  the  determination  is  made. 

^-^S^^  Hi  By  rapid  heating  the  mercury  of  the  thermometer 

^^^^  will   not   have  time  to  assume  the  fusion   tem- 

{)erature.  In  the  region  of  the  melting  point  the 
heat  must  be  moderated  so  that  during  the  course 
of  the  fusion  the  thermometer  rises  very  slowly. 
Far  more  concordant  numbers  might  be  obtained 
if  a  general  use  of  short-scale  thermometers  were 
adopted  and  the  time  agreed  upon  for  the  mercury 
of  the  thermometer  to  rise  through  one  degree  of 
the  scale  during  the  observation  of  the  fusion - 
process.  For  the  determination  of  low  melting 
points  by  means  of  the  air  thermometer,  see  I^. 
26,  1052.  For  the  determination  of  the  melting 
points  of  organic  bodies  fusing  at  elevated  tem- 
peratures, see  B.  28,  1629 ;  at  red-heat,  B.  27, 
3129;    of  colored   compounds,  B.  8,  687;    20, 

3290- 
Regularities  in   melting  points  have  not  been 

especially  noticed  as  yet.  In  the  case  of 
nucleus  isomerides  it  has  been  observed  that 
the  member  with  the  most  branches  generally 
shows  the  highest  melting  point  (see  butyl  alco- 
hols). Of  the  alkyl  esters  of  the  carboxylic  acids 
those  with  the  methyl  residue  have  the  highest 
melting  points  (see  oxalic  esters).  In  homologous  series  with  like  linkages  the 
melting  point  alternately  rises  and  falls  (see  saturated  normal  aliphatic  mono-  and 
dicarl>oxylic  acids,  B.  29,  R.  4x1).  The  members,  having  an  uneven  number  of 
caibon  atoms,  have  the  lower  melting  points  (Baeyer,  B.  10,  1286).  This  is  also 
true  of  acid  amides  having  from  6-14  carbon  atoms  (B.  27,  R.  55^)-  '^^^  para- 
(iiderivatives  of  the  isomeric  benzene  diderivatives  usually  melt  at  the  highest  points. 
In  the  case  of  the  benzene  nitro-compounds  and  their  derivatives, — theazoxy-,azo-, 
hydrazo-,  and  amido  bodies, — as  well  as  the  corresponding  diphenyl -compounds,  it 
has  l)een  observed  that  as  oxygen  is  withdrawn  the  melting  point  rises  until  the  azo- 
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:«  are  reached,  when  It  again  descends  until  it  meets  the  amido  bodies  (C. 
.   \.  aoj,  361).     Fot  othir  regularitlei  among  the  ntomolic  compounds  con - 
knit  R  ig,  R.  25 ;   37,  R,  553,    For  the  melting  poinu  of  miilurej,  ace  B.  ag,  R.  75. 


4.  BOILING  POINT  (DISTILLATION). 

The  boiliDg  points  of  carbon  derivatives,  volatile  without  decom- 
n,  are  just  as  important  fur  their  characterization  as  the  melting 
■points.  In  case  of  the  lalter  the  influenceof  pressure  is  so  slight  thai 
Ht  is  neglected,  but  the  former  vary  very  markedly  by  comparatively 
inappreciable  changes  in  pressure.  Hence  in  slatingan  acctiraie  boil- 
ing point  it  is  necessary  to  add  the  pressure  at  which  it  was  observed. 
When  the  quantity  of  material  is  ample  the  boiling  point  is  determined 
by  distillation.  For  the  determination  of  the  boiling  points  of  very 
small  amounts  of  liqtiids  see  11.34,2251,944;   19,795;  14,88. 

DiitillalioH  undir  Ordinary  Prtssurt, — A  boiling  flask  is  used  for  this  purpose. 
On  Ihe  side  of  tbe  neck  is  bd  exit  lube.  The  neck  of  the  flask  ii  closed  with  11  slop- 
per,  bearing  a  IheTmo meter.  It  must  nol  be  fDi^ollen  that  lerj  frequently  thcTapors 
of  organic  substances  attack  ordinary  corks  or  those  of  rubber,  Ihercfore  the  exit  tube 
should  he  placed  a  considerable  distance  from  Ihe  end  of  the  neck.  The  mercury 
bulb  of  ihe  Ihetmometer  is  below  the  eiit  tube  in  tbe  neck  of  Ihe  dask.  Tbe  Utter 
should  he  mied  at  least  one-balf  with  the  liquid  lo  be  dislilled- 

!f  a  thenuomelcr  is  not  wholly  immersed  in  rapor,  the  eilenial  mercury  column 
will  not  be  heated  the  same  as  Ibat  on  Ihe  interior,  hence  the  recorded  lemperalurc 
will  be  less  than  the  rent.  Tbe  necessary  correaion  is  the  same  as  has  already  lieen 
given  for  the  melling  poinL  By  using  a  shorteilhermometcr  with  scale  not  exceeding 
50°,  which  can  be  wholly  played  upon  by  Ihe  rapor,  the  correction  becomes  unneces- 

Miy. 

if  the  barometric  column  did  nol  indicate  a  normal  pressure  of  760  mm.  {B.  10, 
Tog)  during  Ihe  distillation,  a  second  correction  is  necessitated.  To  avoid  ibis  correc- 
tion it  is  adtisable  lo  reduce  Ihe  pressure  in  the  apparatus  to  the  normal.  I'he  pressure 
reenlUon  of  Bunie  (A.  168,  139)  and  Lolbar  Meyer  (A,  165,  303)  are  adapted  to 
tbis  purpose. 

DitttUalian  undir  Rt.iiirtd  Prtsmre* — Attention  has  already  been  directed  lo 
(lie  great  variation  in  boiling  points  for  variation  in  temperature.  Many  carbon 
derivatives  whose  decomposition  temperature,  at  the  ordinary  pressure,  is  lower  than 
their  boiling  points,  can  be  bailed  under  reduceil  pressure  al  temperatures  below  tbe 
point  at  which  they  decompose.  [>istillation  under  reduced  pressure  is  often  tbe 
on!]'  meBBs  of  purifying  liquids  which,  ai  tbe  ordinary  pressure,  boil  with  dccomjMisi- 
tion,  and  which  cannot  be  crystalliied.  This  method  is  of  prime  importance  In 
Kicftlllic  research  in  Ihe  laboratoiy.  It  is  rapidly  being  introduced  in  technical  opera. 
tlons  with  much  success. 

The  inimduciion  of  boiling  flasks  with  attached  receivers  (Fig.  8)  has  mode  the 
Usiillalion,  under  duninished  pressure,  of  bodies  Ihat  readily  congeal  very  convenienl. 


^Compare  Anschiltz  and  Reitter:  "  Die  Destination  unler  vermindertem  Dnick 
a  t^boralorium,"  2.  Aufl.,  1S95,  EJonn.  The  ubles  in  this  book  record  the  boiling 
T400  inorganic  and  organic  substance*  under  reduced  pressure,     George 

.  RahllMum  :  "  .^iedetemperalur  und  Druck,"  J.eipzig,  1885.  "  Dampfspann- 
igeo,"  Basel.  1893.  Meyer  Wildennann  :  "  Die  Siedelemperattum  der 
eine  Funkllon  ihrer  chemischen  Natur."  B.  13,  1254,  1468,     W.  Nemst 

dA,  Hesse:   "Siede-  und  Schmclipunkte,"  Braunschaeig,  1893. 
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The  thermometer  is  introduced  into  a  thin-walled  tube  drawn  out  into  a  capillary. 
The  tube  is  closed  with  rubber  tubing  and  a  clip.  A  slow  current  of  gas  is  drawn 
through  the  liquid  during  distillation,  and  in  this  way  bumping  is  avoided.  The  dis- 
tillation flask  is  best  heated  in  a  bath.  To  distil  at  pressures  lying  near  the  absolute 
vacuum,  it  will  be  found  adrantageous  to  u^e  a  Sprengel  vacuum  pump,  which  is  set 
into  motion  according  to  Babo's  method  by  the  introduction  of  a  water  suction  pump; 
compare  Kahlbaum,  B.  ay,  13S6;  F.  KrafTt  and  H.Weilandt,  B.  29,  1316 ;  IVecht, 
B.  29,  1 143. 

It  will  be  found  that  the  apparatus  described  in  the  following  references  will  answer 
for  any  desired  pressure:  Scaedel.  A.  195,  21S ;  B.  13,  S39.  Schumann,  B.  18, 
2085.  For  mercury  thermometen  registering  temperatures  from  55o°-7oo°  see  H. 
26,  1S15  ;  27.  470- 

FraaLmaJ  Disfillahcm, — Liqiuds  having  different  boiling  points  are  separated. 
when  existing  as  mixtures,  by  rnLrtifma/ Jis^V/aliom — an  of^ration  that  is  ))erfonned 
in  almost  every  distillation.     Portioos  boiling  between  detinite  temperature  intervals 

(trom  l-io^,  etc. )  are  caught  apart  and  subjected  to  repeated  distil- 
lation, the  poctkns  boiling  alike  being  united.     To  attain  a  more 
'^  rapid  sepAratioD  of  the  rising  rapors,  these  should  be  passed  through 

^JfiiL^  a  vertical  tube.  In  thb  the  vapors  of  the  higher  boiling  compound 
iy^^  will  be  condensed  and  flow  back,  as  in  the  apparatus  employ^  in 
yj  the  recti  rkatioii  of  spirit  or  benzene.     To  this  end  there  is  placed  on 

the  tviUng  dask  a  so-called  fra^-ticmal  tube  of  Wiirtz.  Excellent 
Ba«.xl;ncaKioiis  of  this  have  been  described  by  Linnemann,  Le  Bel, 
Hecipel  and  others.  For  the  action  of  th^  boiling  tubes  see  A. 
214.  iS'iJ  B,  !«•  R.  loi.  and  A.  «47.  3;  B.  28,  R.  352,  938; 
19.  R.  iS;. 
■f  ICeUajm  Jf  S*'<AMf  Fjiml  t*  C^mstiiutiem.* — (l)  Generally  the 

boiling  point 
rises  with  the 
complication 
of  the  mole- 
cule.      The 
unsaturated 
compounds 
boil     at    a 
higher  tem- 
perature than 
those  that  are 
saturated.  (2) 
\\:;h  i>^vnr:»ie^  baring  an  equally  large  carbon  nucleus  those  of 
«,>«wji:  >:roctunp  fv>sse«  the  higbest  boiling  )x>ints.      These   fall 
w^:h  the  aocunau'^ion  of  methyl  grcMxps.    It  may  also  be  noted  that 
the  '.o^'CT  KvV.r^  l^^^merivles  possess  a  greater  specific  volume  (B.  15, 
lY-^  5^  r5l'     ^0  IV  unsaturated  compoonds  lx>il  somewhat  higher  than 

the  ';»'.i  vVWfouiKis. 
TV  ^>v\w\t^>«  e\ft<»^  between  the  Kvling  points  and  chemical  constitution  of 
iW  «\«M^>««i<l»  ^*^  ^  ^iBOMsrU  later  in  the  several  homologous  groups. 

5.  SOLUBILITY. 

llQQItflioitt  tnd  their  lologen  stibstitution  products  are  in- 

■ny  slightly  soluble,  in  water,     lliey,  however,  dissolve 

^Wsoliol  and  in  ether,  in  which  most  other  carbon 

»^ble, 

Ucber  *He  Beiiehun^j  iwischen  den  Siedepunkten  und 
ik«rVcHMidai«en,w«lcbebisherefkanntsind.    Berlin. 
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The  II 


»dily  soluble 


eipeciiitljr  is  ihiii  true  ulien  aeveial  of  ihe  oxygen  kloms  are  combined  wilb  bjdrogea, 
■'.  e.,  wben  hydroijl  groups  are  present  ia  the  organic  conipound. 

lite  liril  members  of  homologous  series  of  alcohols,  aldehydes,  kclones.  and  acids 
m  soluble  tn  wsler.  As  ihe  carbaa  content  iiicrea;>es,  the  bydrocarboD  character,  in 
relatian  \a  solubility,  becomes  more  and  mote  evident.  I'be  deriralives  become 
more  >nd  more  insoluble  in  waters 

In  addition  to  water,  alcohol,  and  elher,  other  solvents  employed  with  carbon  deri*. 
■lives  rue  cai^n  dtsulpblde,  chloroform,  carbon  letracbloride,  melhylat,  acetone,  gla- 
cial acetic  add,  acetic  ester,  beniene,  toluene,  xylene,  aniline,  nitrobenzene,  elc. 
Pelnjltnm  elber,  derived  from  American  petroleum,  is  especially  valuable.  It  is 
composed  of  lower  paraffins.  Il  is  often  used  to  separate  compounds  from  solvents 
with  which  it  is  miscible.  because  very  many  organic  substances  u-e  insoluble  or 
dissolve  with  difficulty  in  it. 

The  Kilubility  of  a  carbon  compound  is  dependent  upon  the  temperature.  It  is 
coDituil  for  a  delinite  temperature.  This  means  is  frequently  employed  for  pur- 
poses of  identification. 

For  the  regularities  of  the  Htlubilitics  of  isomeric  carbon  derivatives,  consul! 
Cunelley,  Phil.  Mag.  [6]  13,  180;    Camelley  and  Tliomson,  J.  cb.  S.  53,  Soi. 

I  For  apparatus  in  which  to  delennine  solubility,  see  V.  Meyer,  B,  8,  998,  and 
KOhler.  Z.  anat.  Cfa.  18.  239. 
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Color. — Most  orgatiic  compounds  ate  colorless,  many  are  colored  ; 
IU5,  iodoform  is  yellow  in  color,  while  carbon  tetraiodide  is  dark  red. 
'he  presence  of  certain  atomic  groups  is  connected  with  definite 
colors;  especially  is  this  true  of  the  aromatic  derivatives.  The  nitro- 
bodies,  for  example,  are  more  or  less  yellow  in  color,  while  the  azo- 
derivalives  vary  from  orange  to  red,  etc.,  etc,  (B.  37,  R-  20). 

Dye-stuffs. — Many  colored  compotmds,  belonging  almost  exclusively 
Lto  the  aromatic  series,  can  dye  vegetable  or  animal  fibers,  cither 
Bdirectly  or  through  the  agency  of  mordants.  This  property  is  of  the 
pgreatcst  importance  from  a  technical  standpoint. 

According  to  O.  N.  Witi  an  aromatic  compound  is  a  dye  wben  it  contains  a 
chromophoroas  group,  1,  g..  NO,,  N,,  etc.,  and  when,  in  addition,  an  ncid  or  base  group, 
t.g.,  one  or  several  OH,  SO,H,CO,H  and  one  or  several  NH,  groups,  enters  (he 
chromogen,  1.  e  ,  asnbstance  having  a  cbramopborous  group  (li,  9,  511]. 

m     a.   Refraction. — The  carbon  compounds  (like  all  transparent  sub- 
■stances)  possess  a  variable  light  refracting  power. 


The« 


x.tbe' 


I  inJti 


^m^h 


pugating  velocities  V,  and  V,  in  both  media;  n  =;  ^- ■  For  single  retracting  media, 
in  which  similar  optical  deportment  is  observed  in  alt  directions  (therefore  not  for 
Ihe  most  crystals;  n  is  independent  of  the   direction  of  the  incident  light,  so  that  if 

i  tnd  r^rc  incident  and  refractive  angles  n  =;  -  ^=  —■ —  ,  a  constant  number  for 


Hgbt  of  a  defmi 


length. 
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Their  relation  to  each  other  U  eipreued  bf  ihe  tquation  ;  K  ^:^  c< 


{n'+2)d, 


---  *  I  in  which  J[  is  ihe  sp.  gr.  of  (he  liquid  for  ihe  tempei 


.     Il  is  an  limosl  conslant  quuituy  for  oil  teiiiper>lures,aiid  ia  called  the  ipeeijii 
fnfiattive  fmier  {B.  I5,  IO3I  ;   19,  2761). 

MokclOar  Krfraitivi  /'tw  or  Molicular  Si/railt 

pe*ei  mulliphed  bj  the  molrcalar  weight  of  a  lub&la 

The  moieeuhr  re/raelion  of  a  liquid  (arliim  ci>mpound  is  equal  to  thr 
urn  of  the  atomic  refnxctions  (nir,  m'r',  m'V'j : 

MR  =:  ainr  +  bm'i'  -J-  cm"t", 

Jn  which  a,  b,  c,  represem  the  number  of  elementary  atoms  in  the 
compound.  The  atomic  refractions  of  the  elements  are  deduced  from 
Mbit  molecular  refractions  of  the  compounds  obtained  empirically,  in 
the  same  manner  as  the  atomic  volumes  are  obtained  from  the  molecular 
volumes.  While  it  was  fortnerly  assumed  that  but  <?«<?  atomic  refrac- 
tion existed  for  each  element  in  its  compounds,  later  researches  have 
proved  that  only  the  univalent  elements  have  a  constant  atomic  refrac- 
tion, while  that  of  the  polyvalent  elements,  €.  g.,  oxygen,  sulphur, 
carbon,  is  influenced  by  iheir  manner  of  union. 

The  refraclioD  is  determined  either  for  Ihe  yellow  sodium  line  (D  of  the  mn 
WecCium)  or  for  the  red  liydrc^en  tine  H.,  (C  of  Ihe  sun  speclruni),  "  Singly 
hnked  "  cubon  has  the  atomic  refraction  (r.)  equni  to  2.4S   (A.  135,  J5  ;    B.  2J, 

3241. 

The  double  union  (C,  =)  is  1,78  (for  r.l.  that  of  the  triple  union  (C,  S)  2-i8, 
i-e.,  if  two  carbon  atoms  are  ■'doubly  United,"  their  atomic  lefmclion  equals 
:bX£.48  4-1-78  =  6.74,  while  in  triple  union  it  154,96  -f  a.iS  =  7.14. 

is,  therefore,  obvious  that  important  data  relating  to  the  manner 
lion  of  the  atoms  in  the  molecule  of  a  carbon  compound  can  be 
obtained  from  the  molecular  refractions  (Landoli  and  Brfihl).  Thus 
the  greater  molecular  refraction  (by  3  X  1-78  =  5.34  units)  of  the 
benzene  bodies,  confirms  the  view  previously  (deduced  from  chemical 
facts,  that  there  are  present  in  the  benzene  nucleus  three  "double- 
linked  "  carbon  atoms  (B.  20,  aiS8;  34,  666).  However,  the 
regularities  noted  above  only  hold  good  for  bodies  iviih  slight  disper- 
sive power  (the  fatly  bodies).  In  the  case  of  substances  possessing  a 
greater  dispersive  power  than  cinnamyl  alcohol,  the  molecular  refrac- 
tion is  valueless  ibr  the  determination  of  chemical  structure  (B.  ig, 
3746;  34,  1833). 

See   Landolt,  P(^.    A.  193,  595;  B.   15,10)1;   Brilhl,  B.  ig,  3746  and  2S31  ; 

335,  [,  and  136.   233;    B.   ao,  22SS,  and  Z.  phys.  Ch.   i,  307;   WeegmMB, 

Z.  phys.  Ch.  3,  2t8and237;  Ketleler,  rhW.,  3,90$;  Eyltmann,  B,  29.  R   584.  ^^M 


^^F  The  rr/Uct< 
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.  Optical  Rotatory  Power,  f  Deviation  of  the  Plane  of 
Polarization  by  Liquid  or  Dissolved  Carbon  Compounds. — 

]iiot.  in   1815.  observed  that  many  naturally  occurring  liodies  were 

cajiable  of  roiaiiiiij  the  |)lane  of  jjolarized  light.  These  are  the  sugars, 
Lthe  terpenes,  and  camphore.  He  also  showed,  in  1817,  how  the  vapors 
Bof  turpentine  deviate  the  plane  of  polarization,  and  concluded  that  (his 
Ppower  was  a  property  of  chemical  molecules.      Optically  active  carbon 

«w,&w«i/j  are  those  possessing  the  power  of  turning  or  rotating  the 

plane  of  polarised  light. 

o)    ii   proportionj.! 

llie  eipcession     :  is  a   constanl   iiuanlilj.      To   compare  substances   cf   difTercDl 
deDsil]'.    in    wliich    very    unequal     masses     fall     upou     the    same    plane,    these 

^Was\  be  rcfeiTffd  to  like  density,  aod  hence  the  rolalion  must  be  divided 
bf  (he  sp.  gr.  of  the  substance  >l  a  definite  lemperature.  The  eipresalon 
|-^  =  [njl  or  [u]b.  '«  called  ihe  ipi<ifii  rotatory  fmetr  and  is  designated  by  [a]u 
or  \a\,  according  ax  the  rotation  is  referred  to  ihe  yellov  sodium  line  D  or  ihe 
tmuilional  color  j.  For  solid,  actire  substaaces,  with  an  indinerent  solvent,  the 
expression  [o]  ^ — j""*'"  ""S'^'r;  in  this,  p  represents  Ihe  quantity  of  sub- 
parts by  weight  of  the  solution,  and  d  represents  the  speciRc  gravity  of 

ery  substance  at  a  definite  tempera- 
lovrever,  nith  the  latter,  and  is  also  infiuenced  more  or  less  by  the 
■nd  quantity  of  the  solvent.  Therefore,  in  the  slalemeni  of  the  specific 
iDtalory  power  of  a  sabslancc,  the  temperature  and  the  percentage  amount  of  the 
(olalion  must  be  included.  By  investigating  a  number  of  solulions  of  dilTerent  con- 
centration, the  influence  of  Ihe  solvent  may  be  established  and  Ihe  true  specific 
rotation  or  the  true  rotatorf  constant  of  the  pure  substance,  designated  by  Ad,  ma; 
then  be  calculated.  The  product  of  Ihe  specific  rotatory  power  and  ihe  molecular 
weight  P  divided  by  100  is  des^nated  the  moltaijar  rQtalory  fawtr : 


^B^i 


[M] 


PM 


CousuU  B.  31,  191,  3586,  3599,  upon  the  influence  of  inactive  substaaccs  on  the 
rotatory  power. 

The  apparatus  most  suitable  for  the  determination  of  rotation  is  fully  described  in 
the  work  of  l^indoll  already  referred  to  (see  p.  63,  note  1). 

In  1848  Pasteur  demonstrated  that  la  optically  active  substances,  such  as  tartaric 
acid  and  its  salts,  the  rotatory  power  is  mostly  connected  with  the  cryslalline  form. 
and  is  usually  condilioned  by  the  existence  of  hemihedrni  planes.  In  the  discussion 
of  the  slereocheniical  or  spacial  theories  reference  was  made  to  the  fact  (hat  Pasteur 
considered  the  asymmetric  structure  of  the  molecules  of  optically  active  carbon  com- 

I  Duds  as  the  cause  of  their  remarkable  action  upon  polarized  light. 


•C.  I'ulfrich.  DasTotalreflectoraeter.  etc.,  Leipzig.  1890. 
fCompan;  Ijindolt,  Uns  optiscbe  DrehungsvermSgen,  1S79. 


i  AccordiDg  lo  the  theory  of  Le  Bel  and  toii  'I  Hoff,  llie  tclivity  of  Ibe  carboo  com- 

KmiiLi  is  dependent  upon  the  presence  of  aijinimefrit  carlion  atonjs  (p.  45). 

I   So  tii  ti  ihey  hive  been  inTcsIigiUed,  all  oplically  active  cubon  compounds  con- 

'~in  one  oiseTcnl  uftnlnclric  carbon  atoois.     However,  many  vompounda  coclain- 

I  asjDiiDetric  carbon  atoms,  when  they  eiiit  as  liquids. or  when  prcsml  insolution, 

ive  no  effect  apon  polarized  light     TbU  is  true  when  two  molecules  of  oppo^te  but 

hnal  roinlory  power  unite  to  B  molecule  of  «  physical,  polymeric  coinpuund,  ^.  f,, 

'SkIivC   tactic  acid,  ioBCtiie  malic  seid.  inactive  aspUBgine,  inactive  ospartic  acid, 

Cemic  wid.  etc;  also,  when  the  half  of  a  molecule   neulraliies   the  rotation  pro 

i  by  the  other  half,  as  in  mcwilarlaric  acid.     It  has  also  been  shown  that  in 

onvenion  of  optically  aciive  bodies  into   oilier  derivatives  (he  activity  conlinoes 

i  long  u  the  latter  conlnin  asymmetric  carbon  atoms.     When  the  u&ymmclry  dis- 

js,  the  derivatives  become  inactive.     The  two  active  tartaric  acids  yield  two 

malic  acids.      Active  asparagine  yields  active  aspirtic  acid,  active  malic  acid. 

.,  whereas  the  symmetrical  succinic  acid  that  may  be  obtained  by  reduction  is 


n  of  optical  antipodes  into  each  other  has  been  accomplished  with 
u  the  following  manner : 
fKwiphofoua  pentachloride  changes  I  malic  esler  into  d-chlorsuccinic  esler,  which 
iher  oxide  converts  into  d-malic  acid.  Cooveisety,  d-malic  ester  and  phosphorous 
Hltachloride  yield  l-cblotsuccinic  ester  and  the  latter  is  then  rearranged  to  t-nulic 
eidlWaldcn,  B.  39.  13S). 

I  Thut  far  an  optically  active  carbon  deriTalivehnsDotbeenindiiectlyprepared.  The 
lymnielric  bodies  prepared  arlilicially  from  inactive  substances  ate  inactive.  This  in 
tplained  by  assuming  that  in  such  cases  both  modilicilions  occur  in  equal  amounts, 
Dd  numirest  a  tendency  tn  comtiine  to  the  inactive,  physically  polymeric  molecules. 

Optically  active  carbon  derivatives  can  be  directly  built  up,  because  it  is  possible 
todecompose  optically  inactive  asymmetric  substances,  whose  molecule  consists  of  a 
dextro-  and  Isevo. molecule,  into  their  components. 

Breaking  Down  of  Inactive  Carbon  Compounds  into  theii  Optically  Act- 
ive Components. — Methods  I,  1,  and  4  were  employed  by  Pasteur  (1S4X)  in  bis 
study  of  the  racemales  and  racemic  acid.  This  classic  investigation  of  Paslenr  con- 
tains the  experimental  basis  for  the  theory  oi  ilrriochemiirry  or  the  sf-iir  ihrmislry  aX 
carbon  (p.  45). 

Melhid  I,  biised  upon  splitting  by  tryslailiialioH.  The  substance  itself,  or  its 
derivatives  with  optically  inactive  compounds,  is  crystallized  at  varying  temperatures 
and  from  various  solvents.  In  the  case  under  consideration  it  is  possible  to  separate 
two  substniices  showing  enantiomorphous  hemihedrism.  Thus,  from  a  solution  of 
sodium  ammonium  tacemale  below  28"  hemihedral  crystals  of  sodium-ammonium 
dexlTO-and  hevo-taitrates  can  be  obtained  (B.  ig,  114S). 

Mttkotl  i.Jipindenl  upen  Ihi  formalioK  bJ  compoundi  with  aptieally  aelivt  sut- 
slances.  Pasteur  succeeded  in  separating  d-  and  l-lartaric  acids  through  their  quini- 
ctneand  cinchofiine  salts.  This  was  because  these,  being  no  longer  enantiomorjihous, 
were  distinguished  by  varying  solubility,  hence  could  be  very  easily  separated  from 
each  other, 

Ladenbui^  lirst  used  the  latter  method  to  resolve  macHve  bases.  He  did  this  by 
forming  salts  of  the  latter  wilb  an  active  acid.  It  was  thus  that  he  decouiposed 
synthetic  inactive  cunine  (an -propyl  pipe  ridine)  by  means  of  dextrolartaric  acid  into 
its  active  components,  and  completed  the  synthesis  of  the  lirst  optically  active  vegeta- 
ble alkaloid — conine— occurring  in  hemlocli. 

Method 3.  Enzymes,  such  as  maltose  or  cmulsin,  decompose  racemic  glucosides 
(E.  Fischer,  B.  a8,  1429)- 

Melkod  4.  On  introducing  some  suitable  fungus  such  as  fitnidllima  gtaumm  into 
the  aqueous  solution  of  an  inactive  body,  capable  of  decomposilioti,  the  one  active 
modification  will  be  destroyed  by  the  growth  of  the  fungus;  thus,  racemic  aeid 
y'iMslirvofarlarieacid;  inailive  anrl afreiol y\t\Ai  denlroamylalteket ;  mtikylfrotyl 
tarbinel  yields  lKvo-metbyl-prcf)yl  carbinol  \  prffylene  glytol  yields  Isevo-propylene 
.glycol,  etc 
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Id  (he  COM  of  the  Esme  opliCBlly  inactive  tutslance  one  fungus  will  leave  tbe  one 
riBodificatioD  UDiltered,  while  another  fuagus  will  leave  the  oilier  modification :  thus, 
■•/Vflin/Auw  glaucum  or  BaclrriHm  lirmo  will  convert  synthetic  ioaclive  mandelic 

■  «cid  into  dextrO'RiDndelic  acid,  while  Mcehiu'Dtiiyces  ellipMiideus  or  schiiomycetes 
I  Cbangei  it  to  laevo  mandelic  acid, 

J       Consult  B.  38,  3000  for  Ihe  complete  literature  relating  lo  the  decoroposilion  of 
|Tacemale  iDadifications. 

Catbon  compounds,  in  which  an  asymmetric  carbon  atom  is  not  present,  could  not 
Elw  decomposed  by  these  methods  (A.  339,  164;  B.  18,1394). 

Ceitorrsion  of  Oplually  Aclivi  Substancri  into  Ikrtr  Optically  Inactive  Modifi- 
■atUaa. — While  soluble  salts  of  optically  inactive,  decomposable  carbon  compounds 
r  may  be  decomposed  by  ciy stall izotion  under  proper  conditions  of  temperature,  many 
otben  reunite  to  a  salt  of  ihe  inactive  body,  especially  if  the  latter  dissolves  with 
difficult;.  Solutions  of  Ixio- and  dextro-taniale  of  calcium  when  mixed  yield  a 
precipitate  of  calcium  tartrate,  which  dissolves  with  difficulty.  Tbe  free,  optically 
active  modificalionj  unite,  as  «  rule,  very  easily,  in  solution  and  when  mixed,  loforni 
(he  inactive  decomposalile  modiRcalion,  t.  g.,  licvo-  and  deitTO- tartaric  acid  yield 
racemic  acid.  The  esters  of  these  acidi  condurl  tbemselves  in  a  similar  manner : 
Iievo-  and  dextro-tartaric  metby!  estcra  unite  directly  and  in  solution  to  racemic 
methyl  ester  (G.  18,  1397).  It  is  fuithermore  a  fact  that  in  energetic  reactions,  or 
when  heated,  the  active  varieties  rapidly  pass  into  the  inactive  forms,  *.  f.,  dextro- 
tutnric  Btl7S°yields  racemic  acid,  and  al  165°  mesotartaric acid.  At  lSb°  dextro- 
and  leevo  mandelic  acids  paas  into  inactive  mandelic  acid. 

A  corresponding  deporlroeni  is  observed  in  the  decomposition  of  albuminoids,  when 

healed  with  baryta,  into  inactive  leucin,  tyrosin,  and  glutamine,  while  at  a  lower  tem- 

peiatare  hydrochloric  acid  produces  the  active  modifications  (B.  tB,  3S8).     For  an 

I;  experimental  explanation  of  the  IrnnsformatioD  of  optically  active   substances  into 

blheir  inactive  mwliRcaiions  compare  A.  Werner  in  R.  Meyer's  Jahrbuch  der  Chemie 

I  *.  «30.  

Philippe  A.  Guye  has  recorded  observations  upon  the  influence  of  ihe  chemical 
coDstllution  of  carbon  bodies  upon  the  direction  and  change  in  their  rotatory  power. 
He  especially  considera  the  changes  of  mau  in  the  different  atoms  and  atomic  groups 
in  union  with  tlie  asymmetric  carbon  atoms,  and  the  consequent  oscillations  in  the 
centres  of  gravity  of  the  molecules:  f^lude  sur  la  dissymitrie  moliculaire:  Arch.  d. 
SCienc.  phys.  etnat,  [3]  »6.  97.  Geneve,  1S91  ;  compare  Bull.  soc.  ch.  1896,  177. 

I*.  Magnetic  Rotatory  Power. — Faraday,  in  1846,  discovered  that  transparent, 

isotropic,  optically  inactive  bodies  were  capable  of  rotating  the  oscillating  plane  of 

I    palariied  light  when  one  column  of  the  same  wa;  brought  into  the  magnetic  Held  or 

L  when  it  was  surrounded  by  an  electric  current.     The  power  of  rotation  only  con- 

■  tinned  as  long  as  these  inHuences  were  active,  hence  this  distinguished  magnetic  rota- 
P'tory  power  from  the  rotatory  power  of  optically  active  carbon  com[Jbunds.     It  also 
[I  varies  with  the  localion  or  position  of  the  magnetic  pole  or  the  direction  of  the  elec- 
tric current. 

Sfteific  magnrtic  rolatiny  pminr  i%  the  degree  of  rotation  the  polarization  plane  of 
■  ray  of  light  sustains  when  it  passes  (lirougb  a  layer  of  liquid  of  delini|e  thickness, 
exposed  to  the  influence  of  a  magnet.  The  unit  of  comparison  is  the  rotation  pro- 
duced by  a  layer  of  water  of  like  temperature  and  like  thickness  when  exposed  to  the 
same  magnetic  lield. 

Meletular  Afagntlic  Rotatety  Pavier. — This  Is  the  degree  of  rotation  produced  by 
Ii(|iuds  where  thickness  has  been  so  chosen  that  in  each  similar  section  there  will  be 
one  molecular  weight.  The  unit  in  this  case  can  also  be  the  molecular  rotatory 
power  of  water. 

W.  H.  Perkia,  Sr.,  has  occupied  himself  very  extensively  in  deducing  the  relations 
of  Ihe  magnetic  rotatory  power  to  the  constitution  of  carbon  derivatives,  B.  17.  R. 
549,  contains  an  exhaustive  article  upon  the  magnetic  rotatory  power  of  14a  carbon 
eompotmdi,  as  well  as  nn  account  of  the  experiments. 
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r.  ELECTRIC  CONDUCTIVITV. 


I 


well  Ituown  that  substances  capable  of  conductiog  electricity 

E  arrange  themselves  into  two  widely-separalcd  groups  :  conductors  of  the 

I  firet  class,  or  those  which  conduct  electricity  without  sustaining  any 

I  change,  and  conductors  of  the  second  class,  or  those  which  constitute 

the  electrolytes,  and  conduct  only  with  their  simultaneous  separation 

into  two  f("u.     Conductivity  can  also  be  considered  as  a  resistance, 

which  the  conductor  opposes  to  the  passage  of  the  electricity.     This 

resistance  has  the  reciprocal  value  of  the  conductivity.     The  customary 

» measure  of  conductivity  or  resistance  is  the  mercury  unit.  This  is  a 
^column  of  mercury  of  one  sq.  mm.  cross  section,  and  one  meter  in 
length,  at  the  temperature  o°. 
CJstwald's  investigations  have  demonstrated  that  the  conductivity  of 
electrolytes  is  intimately  related  to  chemical  affinity.  It  is  a  direct 
measure  of  the  chemical  affinity  of  acids  and  bases.  Therefore,  the 
determination  of  the  conductivity  of  electrolytes  (in  aqueous  solution), 
to  which  all  organic  acids  and  their  salts  belong,  is  of  great  interest 
and  importance  for  all  carbon  derivatives. 

Kohlrausch  *  has  su^ested  a  very  simple  suid  occunite  mcAns  of  delerrnlning  the 
conduclifily  of  declrolyles,  which  hu  been  enlensiyely  applied  by  Ostwaldf 

It  b  dependent  upon  the  application  of  altetnaling  currents,  produced  by  an  induc- 
tion spiral,  90  llial  the  disturbing  induence  of  galvanic  poluiiatioQ  is  otivialed. 

The  conductivity  of  electrolytes  is  not  referred  to  the  percentage 
content  of  their  aqueous  solutions,  but  (as  the  conductivity  is  ascer- 
tained by  the  equivalent  ions)  to  solutions  containing  a  molecule,  or 
an  equivalent  of  substance  in  grams.  This  value  is  the  molecular  (01 
equivalent;  conductivity  of  the  substance  (Z.  phys.  Ch.  a,  567). 

The  strottg  BCid»  have  the  greatest  molecular  coiKlucIiTity,  then  the  liied  alkalies 

and   alkali  salts.      Most  oi^Bnic   acids,  an  the    contrary  (ir,  ^.,  acetic  add),  are  poor 

conductors  in  a  free  condition,  while  their  alkali  sails  approach  those  of  the  strong 

I   Bcida  in  coBduelivily.     The  maUcular  conductivity  increases  hy  about  z  per  cent,  per 

f  degree  of  tempetalHre.     It  also  increase!  with  increasing  dilution,  and  in  the  case  of 

r  the  poor  conductors  il  is  far  more  rapid  than  with  the  good  conduclois;  in  both 

r  initances  it  approiimales  a  maximum  (limiting)  value.     With  good  conductors  this  is 

BHaioed  at  a  dilution  of  looo  litres  to  the  gram -molecule  ;  while  with  those  poor  in 

conducting  power  it  is  only  reached  when  Ihe  dilution  is  iDdeHoilety  large.     In  fact, 

in  (uch  cases  the  conductivity  is  practically  indeterminable. 

An  interesting  oLiservation  in  connection  with  Ihe  alkali  'alts  of  all  acids  is  the 
Tariable  increase  of  the  molecular  conductivity  with  increasing  dilution.  This  is 
true  both  in  the  case  or  Ihe  strong  and  the  weaJc  acids  (most  ot^nic  acids  belong  tc 
the  latter  class),  and  il  varies  according  to  their  basicity.  With  sodium  sails  of 
monobasic  acids,  Ibis  increase  equals  from  10-13  units,  by  dilutioD  of  32-1024  Hires 
for  the  equivalent  nrsubsUoce.  for  Ihe  sails  of  dibasic  acids  fromao--!;  units,  for  those 
of  Ihe  tribflsic  28-31,  for  those  of  the  tetrabasic  about  40,  and  those  of  the  penlabasic 


I 


'  Wiedemann,  A.  11,  653. 

tj.  |ir.  Ch.  3>- 300.  "id  33.  35J 


7..  phyi.  Ch.  s,  561. 


Thus  it  may  be  seen  that  the  increase  in  conductivity  of  acids,  in 
their  sodium  salts,  offers  a  means  of  determining  the  basicity  and,  con- 
sequently, the  iniileciilar  magnitude  of  acids  (Ostwald,  Z  phys.  Ch.  I, 
74  and  97  ;  2,  901  ;  Walden,  iiii/.,  1,  S-3°'  ^nd  a,  49)- 

Molecular  conductivity  has  acquired  slill  greater  importance  by  its 
application  to  the  measurement  of  the  dissociation  of  the  electrolytes ; 

I   it  is  at  the  same  time  the  measure  of  the  reactivity  or  chemical  affinity, 

L  first,  of  acids,  then  bases,  and,  finally,  of  sails. 

I      Arrhenius's  electrolytic  dissociation  theory  maintains  that  in  aqueous 

I  solution  the  electrolytes  are  more  or  less  separated  into  their  ions; 
this  would  give  a  simple  explanation  for  the  variations  of  solutions 
from  the  common  laws  (under  osmotic  pressure,  under  the  depression 
at  the  freezing  point,  etc.).  The  dissociation  is  also  manifest  in  the' 
molecular  conductivity,  for  the  latter  is  dependent  upon  the  degree  of 
dissociation  and  the  speed  of  migration  of  the  free  ions ;  it  is  directly 
proportional  to  the  quantity  of  the  latter. 


I 


Motecular  conducttvitr  increases  willi  dilntioit  and  dissaciitian.  When  ihe  latter 
I  comptele,  it  attiiiut  iu  maximurn  l/i^ ).  The  degree  of  diswKiation  (m)  (or  ibe 
fncttoD  or  the  electrolyLe  aplil  up  inio  ioni)  for  any  dilution  it  foutid  from  lb«  ratio 
of  the  molecular  conductivity  at  this  dilation  (ji)  10  the  maximam  conduciivily  (for 


Thelsller  (/is  1  cannot  be  directly  measured  in  the  case  of  free  otffanic  adds,  becanM 
most  of  them  are  poor  conducton.  Bui  it  ran  be  obtained  from  ihe  molecular  cori' 
ducli*ily  of  theic  sodium  sails,  by  deducting  from  their  maximum  values  the  «peed  of 
mignUion  ciftbe  sodium-ion?  (^l,t),  and  adding  tliose  of  the  hydrogea-ions  (285.8). 

Since  the  raolecutar  conductivity  depciids  upon  the  dissociaiiun  of  ihe  elecm>1ytes 
into  their  iaas,  their  alteration  by  dilution  of  solution  must  proceed  by  tbe  same  laws 
as  those  prevailing  in  the  dissociation  of  gases.  This  influence  of  dilution  or 
volume  (v)  upon  Ihe  moleculai  conductivity,  or  tbe  degree  of  dissociuion  (m)  is, 
therefore,  expressed  in  the  equation : 


vil-m) 

which  represents  the  law  of  dilution  advanced  by  Ostwald  (Z.  pbys.  Ch.  1,  36  and 
270).  This  law  has  been  fully  confirmed  by  the  perfect  agreeoienl  of  Ihe  calculated 
and  observed  values  (van  'l  Hoff,  Z.  phys.  Ch.  a.  777). 

The  value,  K,  is  the  same  al  all  dilutions  for  every  monobasic  acid  ;  hence  il  is  a 
cbaracterislic  value  for  each  acid,  and  is  ihe  meaiiure  of  its  chemical  affinily.  Tbe 
delemunation  of  ihete  chemical  affinity- constants  by  Ostwald  for  more  than  240 
acids,  lias  proved  that  they  are  closely  related  to  the  structure  and  constitution  of 
organic  acids  (Z.  phys,  Ch.  3,  170,  241,  369).  Lileralure  :  ace  Walden,  Z.  phys. 
i  Cfa.  8,  Sjj.  Affinity  values  of  stereo- isomeric  compounds:  Hantzsch  and  Miolatii, 
I  B.  as,  R.  S44. 

Addendum:   Determination  of  afiliaily- coefficients :  Conrad.  Hechl.  and  BHIckner, 
E.phya.  Ch.  3,45o;4, 173,  631;  5,289.   Lcltmann,  B.ai,  2101 ;   A.a5o,ifig;  161, 
loSb;  370,104.  208;  274,  III,  141.  156.     Nerast,  R.  Meyer's  Jahrbuch  a,  31. 
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HEAT  OF  COMBUSTION  OF  CARBON  COMFOUNDS.*^ 

• 

"The  quantity  of  heat  evolved  in  any  chemical  change  is  a  measure 
of  the  total  work,  both  physical  and  chemical,  occurring  in  it."  The 
determination  of  the  quantity  of  heat  developed  in  complete  combus- 
tion is  alone  adapted  for  the  determination  of  the  energy  content  of 
carbon  compounds. 

In  determining  the  heat  of  combustion  of  a  carbon  compound  Berth- 
elot  burned  it  in  an  atmosphere  of  oxygen,  which  was  under  a  pressure 
of  25  atmospheres.  The  operation  was  conducted  in  calorimetric 
bombs  lined  on  the  interior  with  platinum  or  enamel.  The  electric 
spark  was  used  to  bring  about  the  explosion,  or  the  ignited  combustion 
products,  resulting  from  heating  a  thin  iron  wire  by  electricity,  were 
made  to  serve  the  same  purpose. 

The  method  is  so  accurate  that  it  answers  for  the  detection  of  even 
traces  of  impurity  in  an  organic  compound,  the  heat  of  combustion  of 
which  is  known  (J.  pr.  Ch.  N.  F.  48,  452  ;  Z.  f.  angew.  Ch.,  1896, 
p.  486). 

On  the  basis  of  Berthelot's  principle  ;  **  The  difference  of  the  heats  of 
combustion  of  two  chemically  equivalent  systems  is  equal  to  the  heat 
development  which  corresponds  to  the  passage  of  the  one  system  into 
the  other,"  it  is  possible,  knowing  the  heat  of  combustion  of  a  carbon 
compound  to  calculate  its  heat  of  formation.  The  heat  of  combustion 
of  the  compound  is  deducted  from  the  sum  of  the  heats  of  combus- 
tion of  its  elements. 

The  heat  of  combustion  of  methane  equals  21.  9  cal. 
"       **    **  "         "  diamond-carbon  is  94  cal.,  and 

**       ««    i<  «<         «  hydrogen  equals  69  cal. 

As  the  complete  combustion  of  methane  proceeds  according  to  the  equation 
CH^ -|- 20j=:  COj  4- 2H,0,  then  the  heat  of  formation  of  this  hydrocarlx)n,  at 
constant  pressure,  would  be  20.1  cal.: 

94  -f-  2.  69  —  211. 9  =  20.1. 

The  development  of  methods  for  the  determination  of  the  heats  of  combustion 
has  engaged  the  attention  of  Favre  and  Silbermann,  Thomsen,  Stohmann,  and  par- 
ticularly of  Berthelot.  In  the  last  decade  Stohmann  especially  determined  the  heat 
of  combustion  of  numerous  carbon  derivatives,  and  published  a  tabulated  account  of 
the  heats  of  combustion  of  organic  bodies,  made  from  1 85  2-1 892,  in  the  Z.  f.  phys. 
Ch.  6,  334;   10,  410. 

The  regularities  thus  far  observed  are  as  follows  :  With  the  hydrocarbons  of  the 
jxirafHin  and  olefine  series  the  constant  difference  of  CH,  in  composition  corresponds 
to  a  constant  increase  of  158  cal.  in  the  heat  of  combustion.  Similar  relations  occur 
in  other  homologous  series. 

The  heat  of  combustion  of  the  two  isomeric  propyl  alcohols  is  almost  the  same, 
consequently  in  the  case  of  similar  linking  relations  place-isomerism  is  without  influ- 


*  Practical  introduction  to  thermochemical  measurements  by  Berthelot,  Grundriss 
der  allg.  Thermochemie,  Plank,  1 893.  Die  Grunds&tze  der  Thermochemie,  Hans 
Jahn,  2.  Aufl.  1 892.  Grundriss  der  allg.  Chemie,  von  Ostwald,  1889.  Mecanique 
chimique.  Berthelot.  Paris,  187Q. 
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Ie  upon  the  beat  of  foriDRtion  and  the  beat  of  combiulion.     The  diifereiice  of  6 
in  Ihe  heals  of  combustion  of  fumnric  acid  [3:0.1  cal.)  nnd  maklc  acid  (326.3 
)  is  more  atriking  if  we  grant  similar  linking  rdntioru  in  Lbe  Iwo  acids,  as  isdooe 

by  ibe  adherents  of  tbe  slereochemically  dilferent  sliumuial  formulas  of  malelc  and 
fumaric  acids  (sec  these). 

The  passage  from  a  double  linkage  to  two  single  linkages,  as  well  as  a  triple 
Dnioalolbree  simple  unioas  is  accompanied  by  considerable  loss  in  energy.  Therda- 
lltlotl  of  ihe  beats  of  combuslian  of  aromatic  subslnnces  to  Iheir  bydrtde  derivalives  is 
tevTorthy.  Tbe  dilTerences  of  tbe  heats  of  combuslion  of  tbe  dihydro-  and  their 
responding  unaltered  benienes  is  considerably  greater  than  the  difference  of  the 
lis  of  combuslion  of  ihe  corresponding  icirahydro-  and  dihydro-,  as  well  as  the 
hexahydro-  and  lelntliydro' benzene  derivatives.  As  to  the  contradictory  conclusions 
which  hare  been  deduced  from  these  facts  in  regard  to  ihe  manner  of  union  of  Ihe 
carbon  atoms  in  the  bcniene  ring,  see  A.  278,  ri5;  B.  37,  1065;  J.  pr.  Ch.  N.  F. 
48.452;  49.453' 

The  varying  slabilityof  ihetri-,  lelra-,and  penta-m ethylene  rings  referred  byBaeyer 
to  th«  varying  ring-preuure  (compare  the  introduction  to  Ihe  carbocyclic  compounds) , 
also  manifests  ilseir  in  the  heats  of  combustion,  whereas  no  ditference  could  be 
detected  between  the  penla.  and  heia-m ethylene  rings.  As  to  how  far  observa- 
tions upon  the  mentioned  carbocycllc  compounds  can  be  applied  to  deductions  upon 
I-onslilulion,  it  may  be  said,  for  example,  that  Ihe  heal  of  combustion  of  camphoric 
cid  excludes  the  assumption  of  B  tri-  or  telra- methylene  ring;  however,  it  argues 
tt  tbe  presence  of  a  penia-  or  hexi- methylene  ring  in  camphor  Q.  pr.  Ch.  N.  F,  45, 
7S;  A.ag»,  las). 
lCT 


ACTION  OF  HEAT,  LIGHT,  AND  ELECTRICITY  UPON  CARBON 
COMPOUNDS. 


ACTION  OF  KEAT. 

Substances  thai  react  most  energetically  upon  each  other  do  not  do 
so  at  very  low  temperatures  (Raoul  Pictel,  Arch.  d.  Scienc.  phys.  et 
nat.  de  Geneve,  1893),  even  when  subjected  to  the  greatest  pressure, 
and  when  their  molecules  are  in  most  intimate  contact.  A  definite 
temperature  is  essentia!  for  the  occurrence  of  chemical  action.  The 
energy  of  a  reaction,  the  time  within  which  it  proceeds,  is  largely 
dependent  upon  the  temf>erature  of  the  substances  acting  upon  each 
other.  Hence  the  determination  of  the  most  favorable  temperature 
for  the  reaction  is  an  important  matter.  It  must  be  remembered  that 
the  heat  deve!o]}ed  in  chemical  changes  frequently  increases  the  initial 
react!  on -temperature  rapidly  to  the  point  of  decomposition.  In  such 
cases  the  violence  of  the  reaction  must  be  moderated  by  cooling  or  by 
the  use  of  indifferent  diluents,  in  which  the  substances  acting  upon 
^each  other  will  be  dissolved  before  the  reaction  occurs. 


:tion  of  chlorine  upon  toluene  (se< 
wliirly  well  how  much  the  kind  and  nal 
mperatore.     At  the  ordinary  lemperalui 


this)  or  upon  methyl  loluene  shows  por- 
ire  of  the  action  n  dependent  upon  the 
:  tbe  chlorine  substitutes  the  hydrogen  of 
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the  phenyl  residue,  while  at  the  boiling  temperature  it  is  the  hydrogen  of  the  methyl 
group  which  is  replaced : 

CH    CI  I     ^'*  /  Ordinary  temp. 

^ J-     C,H..CH,C1. 

Numerous  analogous  observations  are  known. 

In  general,  carbon  compounds  are  much  less  stable  under  the  influ- 
ence of  heat  than  the  inorganic  bodies.  When  the  qualitative 
examination  of  organic  bodies  was  discussed,  mention  was  made  that 
many  carbon  compounds  decomposed  with  the  separation  of  carbon 
under  the  influence  of  heat. 

Other  compounds,  when  heated  at  the  ordinary  temperature, 
rearrange  themselves  without  alteration  of  their  molecular  magnitude, 
while  some  polymerize.  Compounds,  volatilizing  undecomposed  at 
ordinary  pressure,  decompose  when  their  vapors  are  conducted 
.  through  tubes  heated  to  redness,  and,  as  a  rule,  new  bodies  are  formed 
together  with  partial  carbonization.  The  splitting-off"  of  hydrogen, 
the  halogens,  haloid  acids,  water  and  ammonia  leads  to  a  more 
intimate  union  of  the  already  combined  carbon  atoms,  and  carbon 
atoms  which  previously  were  not  united  with  one  another  not 
infrequently  combine  to  yield  carbocyclic  and  heterocyclic  bodies. 
Pyrocondensatiofis  result  (B.  ii,  12 14). 

In  the  special  part  of  this  volume  such  results  from  heat  action  will 
be  so  frequently  encountered  that  it  is  not  necessary  to  present  exam- 
ples of  the  special  kinds  of  reactions  at  this  time. 

It  may  suffice  to  mentidn  coal-tar;  it  contains  the  liquid  bodies 
formed  by  the  decomposition  of  coal  under  the  influence  of  heat. 
This  starting-out  material  is  important  both  for  the  development  of 
scientific,  theoretical  organic  chemistry,  as  well  as  for  technical  chem- 
istry (coal-tar  industry).  It  is  mainly  composed  of  carbo-  and  het- 
erocyclic compounds,  stable  under  the  influence  of  heat : 

Benzene.  Naphthalene.  Anthracene,  Phenanthrene. 

C,H,S  QH^N  C,H,N  C„H,N 

Thiophene.         Pyridine.  Quinoline  and  Isoquinoline.        Acridine. 


a.  ACTION  OP  LIGHT. 

Light  exerts  a  great  influence  upon  carbon  compounds.  The  well- 
known  reactions  of  this  kind  in  the  field  of  inorganic  chemistry  have 
corresponding  cases  in  the  province  of  organic  chemistry. 

TJght  is  able  to  bring  about  the  decomposition,  the  rearrangement,  and  the  syn- 
thesis of  carbon  bodies.  Just  as  the  haloid  salts  of  silver  decompose  with  silver 
deposition,  so,  too,  the  alkyl  iodides  separate  iodine  under  the  influence  of  light.  Hence 
their  colorless  solutions  gradually  become  yellow  and   finally  dark  brown  in  color. 
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tClliyl  mercuric  iodide  bruks  doon  into  m«rcurciu«  iodide  and  butane.  Expenence 
Icichei  that  many  other  cubon  derivalives  decompose  more  or  less  rapidly  wben  they 
ure  expo&ed  to  sunlight.  Hence  they  must  be  pieserved  id  the  dark  or  in  vessels 
constructed  from  brown  colored  gla^.  which  absorbs  the  chemically  iclive  rays  0/ 
sunlight.  Il  \s  technically  important  that  an  organic  dye  should  resist  the  influence 
of  ligbt.     Most  of  them  are   not  /ait  colors,  they  arc,  on  the  contrary,  bleached  by 

Of  the  decomposition-reoctioas  produced  by  sunlight  tnention  may  l«  made  of  the 
transposition  shown  by  .rui-i-iniV  aai/.  niiied  with  uranic  oiide;  it  splits  off  carbon 
dioxide  and  propionic  acid  results  (A.  133,  253) : 

CO,H.CH,.CH,.CO,n  =C0,+  CH,.CH,.COjII. 

Solutions  of  tartaric  acid  and  citric  acid,  mixed  nith  uranic  oitde,  nre  similarly  de- 
:ompo5ed  by  snnligbt  (A.  278,  Jji).  | 

On  exposing  anlhraccHt  (see  this)  in  bentene  solution  to  sunlight  it  passes  into  a 
polymeric  modification,  phenaHlhracfHe. 

I'he  combinalioD  of  carhan  monoxidi  and  chlorine,  forming  carhenyl  ihhride  or 
phosgnu  (Davy)  is  analogous  to  the  complete  union  of  hydrogen  and  chlorine,  form- 
ing hydrogen  chloride,  in  sunlight ; 

H,  +  a,  =  2HCI ;  CO  +  CI,  =  COCl,. 

in  of  chlorine  upon  marsh  gas  (p.  Si),  formaldehyde  (B,  ig.  K,  SS),  and 
other  carbon  derivatives  which  can  be  substituted  is  touch  influenced  by  sunlight. 
The  ciperimenis  cotwiucted  by  Klinger  show  ihal  the  chemical  action  of  sunlight 
I  snsceplilile  of  more  extended  application  than  it  has  yet  found,  and  that  compounds 
an  be  produced  by  it,  which  could  only  be  prepared  in  the  ordinary  chemical  wayliy 
lost  powerful  orrelined  means.  He  found  that  ethereal  solutions  of  benzooninone. 
beniil,  and  phenanlhraquinonc  are  reduced  with  the  formation  of  aldehyde, 
that  acetaldehyde,  isovaler aldehyde,  and  benzuldehyde  unite,  under  the  inH 
inlighti  with  phenanthraquinone  in  accordance  with  the  equation  : 


C,H,.CO 

i         I     + 
C,H,.CO 

Phenanlhra-   A' 


C,H,.CO.COCH, 
:h,coh  =    I       II 

C,H,.COII 
;a1drhyd«.    Monacetyl  plienanthrtn- 


Isovaler  aldehyde  and  benialdehyde  also  unite  directly  with  benmquinone,  but  in 
a  still  more  striking  manner,  in  that  anuilem-tytUhesb  (p.  Sj)  results.  With  benzsl 
dehyde  the  reaction  proceeds  as  follows: 


10-Nitrobeniylidene  acetophc: 
digo  and  benzoic  acid  (Engler 
; 


=  C,Hj,CO.C,H,(OHJ, 


JC,H. 


f[l]COCH=CH.C,H, 
U,]NO, 


promises  mucb 


[C,H,+  2C,H,Cn,H 


for  the  interpretation  of  the  chemical 
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3.  ACTION  OF  ELECTttlCITV. 

The  actions  of  electricity  upon  organic  bodies  have  not  been  wdl 
investigated.  Some  of  the  reactions,indiiccd  by  the  aid  of  ihisa^t 
possess  great  value  for  synthetic,  organic  chemistry.  The  onljr 
method  which  will  cause  theiinion  of  free  hydrogen  wtih  free  chlorine, 
consists  in  the  action  of  the  electric  sparlt  upon  the  two  elenieots. 
Berthelot  showed  that  carbon  and  hydrogen  combined  to  acetylene  od 

iassing  the  electric  spark  over  carbon  points  in  an  atmosphere  of 
lydrogen  :   aC  +  H,  =  CH  =  CH. 

Fig.  9  represents  the  apparatus  in  which  this  important  synthcsii 
was  carried  out  (A.  chim.  phys.  ;  [4]  13,  143  '•  ^-  23.  1638)- 


CHiOH 


Acetylene  md  nitrogen  (A,  150,  60)  under  (he  influence  of  electric  tliscbargel.  u- 
well  as  cyauORen  imd  hydrogen,  unite  to  yield  prussic  acid  (C.  r.  76,  1131), 
CBrboQ  monoxide  nnd  hydrogen  fonn  methuie  ( Brodie,  A.  l6g,  170). 


I      +  H,  =  3CNH  ;     CO  +  3H,  =  CH.  -f  H,0. 


On  the  other  hand,  Knlbe  decomposed  (he   aitueous  solutioni  of  the  po 
sails  of  monobasic  cnrboiylii;  acids,  ei|Kciall]r  poluiiutn  ncetale,   by  (he 
current,  and  thus  prepared  dime^iyl  or  ethane.     The  fottowing  equation  represBnti 
the  breaking- down  of  the  potassium  icclslc ; 


CH,COJK     HO.H 
CJI.CoJK'^HOiH 


ch,   co,   koh   h 

<':h,"*'co,"''koh''"h 


Kekulj  applied  ibis  reaction  to  the  uturaled  dicarboxylic  acids,  r.  f., 
acid.  Later  he  and  Aorland  uted  il  with  the  unsalurnted  djcarboxylli 
Tuniaric  acid,  maleic  acid,  mesaconic  acid,  ctlracunic  ncid.  and  itacontc  add  (Af 

S91    J.  pr.  Ch.   [i]   6,  256;    7,  142),   with  the  production  of  such  nil  ^= 
ydrocarlKins  ns  elh)lene.  acetylene,  allylene.     Kolli  and  Moore  obtained 
dicyanide  from  cyanacelie  acid  (II.  4,  519).     Crum  Brown  and  J.  Walker  bi( 
-*--  -Qtauium  lalts  of  the  acid  eslcrs  of  tlie  dicarboxylic  acids  in  llie  ciide  of  111 
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reactioDi,  Ihus  oblaioing  ibe  neutiil  esters  of  dibisic  acids,  f.  g.,  potusium  etliyl-    | 
mnlonate  yielded  succinic  diethyl  ester  (A.  »6i,  107 ;    B.  34,  R,  -16  ;   A.  374,  41 ; 
U.  36,  v..  369,  380).     In  the  electrolysis  of  an  akoholic  solution  of  sodium  malonic    ' 
diethyl  esler  Mulliken  obtained  ethane  (ett«caiboxy!ic  ester  (B,  a8,  K.  450).     For 
the  electrolytic  reduction  of  aromatic  niuo-bodies  coiuull  B.  28, 1349 ;  ig,  1390 ;  see 
aljo  p' ami  do- phenol. 


CLASSIFICATION  OF  THE  CARBON  COMPOUNDS. 

The  chemical  union  of  the  carbon  atoms  and  the  character  of  the 
groups  resulting  from  this  is  the  basis  of  the  division  of  the  carbon 

■  derivatives  into  two  principal  classes:  the  fatty  or  aliphatic  sub- 
stances (from  aXci-pap,  fat)— the  chain-like  or  acyclic  carbon  derivalives 
or  the  methane  derivatives,  and  the  cyclic  compounds  of  carbon. 
The  name  of  the  first  class  is  borrowed  from  the  fats  and  fatty  acids 
curaprising  it.  These  were  the  first  derivalives  accurately  studied.  It 
would  be  belter  to  name  them  marsh  gas  or  methane  derivatives,  inas- 
much as  they  all  can  be  obtained  from  methane,  CH,.  They  are 
ftjrther  classified  into  saturated  and  unsaturated  compounds.  In  the 
first  of  these,  called  also  limit  comi>ounds  or  paraffins,  the  directly 
united  quadrivalent  carbon  atoms  are  linked  to  each  other  by  a  single 
affinity.  The  number  of  n  carbon  atoms  possessing  affinities  cajiable 
of  further  saturation,  therefore,  eqtials  an  +  2  (see  p.  38).  Their 
general  formula  is  C„X^^,.  Here  X  represents  the  affinities  of  the 
elements  or  groups  directly  combined  with  carbon.  The  unsaturated 
compounds  result  from  the  saturated  by  the  exit  of  an  even  number  of 
aflinilies  in  union  with  carbon.  According  to  the  number  of  affinities 
yet  capable  of  saltiration,  the  series  are  distinguished  as  C„Xa„CBX„_„ 

The   methane  derivatives  contain  ojien  carbon  chains,   the  cyclic 

I  derivatives  contain  closed  chains,  or  carbon   rings.     When  carbon 
atoms  alone  have  formed  the  ring,  the  resulting  bodies  are  designated 
earbo-eyclie  compounds. 
The  most  impwrtant  of  these  ring-shaped  bodies  is  the  ring  contain- 
ing six  carbon  atoms  with  six  free  valences. 
All  the  aromatic  OT  (*^«s^yw  compounds  are  derived  from  it.     The 
importance  of  this  group  has  gained  for  it  a  siiecial  position  in  the 
chemistry  of  carbon  derivalives. 
Compared  with  the  aliphatic  compounds  they  manifest  such  great 
differences  in  chemical  deportment  that  they  were  formerly  regarded 
as  a  second  class  of  organic  bodies,  and  as  such  were  placed  opposite 
to  ihe  first  class  or  aliphatic  substances. 
With  the  advances  in  organic  chemistry  numerous  compounds  were 
being  constantly  discovered,  which  it   is  true  contained  ring-shaped 
carbon  atoms,  but  in  chemical  deportment  approached  the  fatty  bodies 
more  closely  than  the  aromatic  derivalives.     In  the  so-called  hydro- 


I 
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romatic  com|>ounds  the  more  [aits  of  hydrogen  atoms  which  attach 
themselves  to  (he  Itcnzene  nucleus  in  them,  the  greater  will  they 
lesemble,  in  chemical  character,  the  aliphatic  derivatives.  Even  more 
closely  allied  to  the  latter  are  those  substances  which  contain  a  ring 
constsiing  of  three,  four,  or  five  carbon  atoms — 

the  trimethylenf  derivatives, 
tetramelhylene  derivatives, 
pentamethylene  derivatives. 

These  conslilule  the  passage  from  the  aliphatic  bodies  to  the  hydro- 
somatic  compounds,  to  which  Ihe  aromalic  derivatives  attach  them- 
lelves. 

There  are  many  carbon  compounds  which  contain  "rings."  In  the 
Drmalion  of  the  latter  not  only  carbon  atono-s,  but  also  oxygen,  sulphur, 
tod  nitrogen  atoms  have  taken  part. 

Such  bodies  have  been  termed  keteroeycUe  competinds  (from  ?rc/)ot, 
foreign).  As  a  rule,  these  derivatives  will  be  discussed  at  the  conclu- 
sion of  the  remarks  on  the  open  chain  bodies,  from  which  they  are 
derived  by  the  exit  of  water,  hydrogen  sulphide,  or  ammonia,  and  to 
which  they  can  again  be  changed.  A  large  class  of  heterocyclic 
^bodies,  more  especially  thiophene,  discovered  by  Victor  Meyer,  then 
Sie  parent  substances  of  the  plant  alkaloids — pyridine,  quinoline, 
uinoline,  etc.,  like  the  aromatic  bodies,  possess  a  very  stable  ring, 
y  be  said  in  the  case  of  many  heterocyclic  compounds  that  ihe 
Lices  with  open  chains  from  which  they  may  be  theoretically 
diiced  do  not  really  exist.  Therefore  such  heterocyclic  compounds 
will  be  purjwsely  set  to  one  side  and  be  discussed  after  the  carbo-  and 
'  isocyclic  derivaiives.  The  divisions  of  the  chemistry  of  the  com- 
pounds of  carbon  would  then  be : 

I,   Fatty   Bodies  :    Aliphatic    eampounds,  methane  derivatives, 
thain-like  or  acyclic  carbon  derivatii'ef. 

II.  Carbocyclic  Compounds. 

III.  Heterocyclic  Compounds. 

FATTY  COMPOUNDS,  ALIPHATIC  SUBSTANCES 

OR  METHANE   DERIVATIVES.  CHAIN-LIKS 

OR  ACYCLIC  CARBON   DERIVATIVES. 

I,  HYDROCARBONS. 

The  hydrocarbons  may  be  regarded  as  the  parent  substances  from 
which  all  other   carbon  compounds  arise  by  the  replacement  of  the 
hydrogen  atoms  by  different  elements  or  groups. 
^L      The  outlines  of  the  Unking  of  carbon  atoms  were  presented  in  the 
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^^Hn  trod  action   (p.   37).     We  distinguish,  therefore,  (i)  saturated  and 

^^F(s)  unsaturated  hydrocarbons.     The  first  only  contain  singly  linked 

carboD  atoms,  while  the  unsaturated  contain    pairs  of  carbon  atoms 

united  doubly  and  trebly.     As  the  first  series  has  attained  the  limit  of 

saturation   by  hydrogen,  ihey  are  frequently  called  the  limit  hydro- 

Bear&ons,  or,  after  the  first  member  of  the  series :  marsh  gas — the  methane 
^drocarbons.  The  limit  hydrocarbons  are  not  very  reactive,  but 
they  are  very  stable ;  hence  their  designation  as  paraffins  (from  parum 
iffinis). 

A,  Saturated  or  Limit  Hydrocarbons,  Paraffins,  Alkanes, 
Marsh  Gas  or  Methane  Hydrocarbons,  CnH,,,  ^3. 

I  Nomendature  and  Isomerism. — In  consequence  of  the  equivalence 
confirmed  by  facts)  of  the  four  affinities  of  carbon  {see  p.  37)  no 
somerides  are  possible  for  the  first  three  members  of  the  series 
: 
■nf 


CH,  — CH, 


Formerly  these  hydrocarbons  were  designated  the  hydrides  of  univa- 
_  lent  radicals — hydrocarbon  residiiesoralkyls;  methyl,  ethyl,  propyl,  etc. 
Combined  with  the  water  residue  or  hydroxyl,  they  yielded  the  alcohols 
CnHm+iOH,  They  were  at  first  obtained  from  compounds  of  these 
radicals  with  other  elements  or  groups;  hence  the  names  methyl 
hydride  for  methane,  ethyl  hydride  for  ethane,  etc.  The  obtainable 
and  first  known  derivatives  of  the  alkyls  CnH^+i  were  their  hydroxyl 
derivatives  or  the  alcohols,  e.g.,  C,HsOH,  ethyl  alcohol,  and  their 
halogen  ethers.  At  the  suggestion  of  A,  W.  Hofmann  their  names 
were  formed  later  by  replacing  the  final  syllable  "yl "  of  the  alkyls 
by  the  final  syllable  "ane,"  so  that  methane  was  used  for  methyl, 
ethane  for  ethyl,  propane  for  propyl,  etc.,  and  for  the  homologous 
series  the  name  alkanes  was  adopted. 
Two  stmctural  cases  exist  for  the  fourth  member,  CjHio : 


CH,  — CH,  — CH,— CM, 


ch£-ch, 

^CH, 


In  the  name  tri  methyl  methane  for  isobutane,  isomeric  with  normal 
^tane,  is  indicated  that  this  substance  is  derived  from  methane  by 
8ie  replacement  of  three  hydrogen  atoms  by  three  methyl  groups. 

For  the  fifth  member,  pentane,  CjHi,.  three  isomerides  are  possible  ; 
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The  number  of  theoreiicall]'  possible  isomerides  now  increases 
ripidly.  Hexane,  C,Hn>  has  6  isomerides ;  heptane.  C,H,„  9  isomerides; 
octane,  C,Hi„  iS  isomerides;  tridecane,  C„Ha>  S02  isomerides  (B.  8, 
1056;  B.  13,  791). 

Commencing  with  the  fifth  member,  the  names  are  formed  from 
the  Greek  words  representing  numbers. 

■^  The  "  Gene»«  Conunission  "  recorometids  the  retenlioa  of  the  ending  "  ine,"  ns 
Wbnx  suggested  by  A.  W.  Hoftnann  (J.  1865.  413),  for  ihc  hydrocarbons  C,H,»-f  ,• 
Prhe  hjfdrocatlions  wilh  branched  carbon  chains  are  considered  sikyi  subtlitulloii 
'products  of  the  normal   hydrocarbons  already  ccnlaincd  in   their   roimulas,  and  the 

carbon  aloms  oF  thiit  nonnal  hydrocarbon  are  numbered.     The  numhering  i$  begun 

with  that  carbon  atom  to  »hich  the  sidc-Gbain  is  adjacent ; 


Ctl,,CH,CH,.CH,.CH,  = 
iH. 


[Melhyl-a.penlane]. 


I  The  carbon  atoms  of  a  longer  substituting  radical  are  also  numbered,  and,  indeed, 
with  iwo  numbers.  First,  each  atom  is  marked  by  the  number  indicating  the 
place  where  the  aide-chain  is  attached  to  the  normal  chain ;  second,  with  particular 
numbers,  beginning  with  the  carbon  atom  joined  to  the  central  or  main  chain  as 
number  one. 

Fnrthertnorc,  should  an  alcohol  radical  attach  itself  to  the  middle  carbon  atom  of 
the  aide-chain,  then  the  expressions  for  the  substituting  radical  are— 

Mctho-.etho-.etc,  instead  of  methyl-,  ethyl-,  etc,  ; 
I  CH,  ,  CH,  .  CH,  .  CH  .  CHj  .  CH,  .  CH,  =  [Metho-4'-ethyl-4-heptane]. 


(4')CH. 


The  variation  in  structure  of  the  carbon  chain,  or  carbon  nucleus,  is 
the  catise  of  isomerism  in  the  paraffins.  This  type  of  isomerism  is 
called  chain- or  nucleus-isomerism  (p.  43). 

Methods  of  Formation  and  Properties  of  the  Paraffins. — 
The  limit  hydrocarbons  are  formed  in  the  dry  tiistillation  of  wood,  turf, 
^^  lignite,  bituminous  coal,  and  bog-head  and  cannel  coal,  rich  in  hydro- 
^^L  gen ;  hence  they  are  present  in  illuminating  gas  and  in  the  light  oils 
^^Bof  coal-tar.    They  occur  already  formed  in  petrolettm,  particularly  that 
^^urom  America,  which  consists  almost  exclusively  of  them,  and  contains 
^^BkU  of  them  from  methane  to  the  highest.     It  is  difhctilt  to  isolate  the 
^^Kindividual  hydrocarbons  from  such  mixtures.     Before  advancing  to  the 
^^Bjgeneral  methods  used  in  the  preparation  of  the  paraffins — methods  by 
^^f  which  the  individual  hydrocarbons  can  be  ea'iily  obtained  in  pure  con- 
dition— it  will  be  best  to  discuss  the  two  important  members,  melhant 
and  ethane. 

(t)  Methane,  CH^  (Methyl  hydride),  is  produced  in  the  decay  of 
^^  organic  substances;  therefore  disengaged  in  swamps  (tnarsh  gas)  and 
^H   mines,  in  which,  mixed  with  air,  it  forms  fire-damp. 
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In  certain  regions,  like  Baku  in  the  Caucasus  and  the  petroleum 
districts  of  America,  it  escapes,  in  great  quantities,  from  the  earth. 
It  is  also  present,  in  appreciable  amount,  in  illuminating  gas. 

The  synthesis  of  methane,  the  simplest  hydrorarbon,  from  which  all 
the  fatty  bodies  may  be  derived,  is  particularly  important.  By  the 
synthesis  of  a  carbon  derivative  is  understood  ils  formation  from  the 
elements,  or  from  such  carbon  derivatives  which  can  be  obtained 
from  the  elements.  Under  proper  conditions  hydrogen  and  carbon 
may  be  directly  combined,  with  the  production,  however,  of  acety- 
lene CH^CH(p.  76),  and  rot  methane.  The  latter  can  be  obtained 
( i)  from  carbon  disulphide  CS,  (which  may  be  made  directly  from  its 
constituents)  if  the  vapors  of  this  volatile  substance,  mixed  with 
hydrogen  sulphide  gas,  be  passed  over  red-hot  copper  (Berlhelot) : 

C  +  2S  =  CS, ;  CS,  +  aH,S  +  8Cu  =  CH,  +  4Cu,S. 


CS,  +  3CI,  =  CCl,  +  .S,C!, ;  CCl,  +  8H  =  CH,  4  4Ha, 


n  ihe  cold,  by  W4ter,  forming  melhanc  and 

C.Al^  -i-  iiH,0  =  aCH.  +  aAl,(OH),. 

Methyl  alcohol,  or  wood-spirit,  CH,.OH,  wn  be  converted  into  mclhEnc  by  firsl 
changing  il  to  methyl  iodide,  ftnd  then  (5)  reducing  the  latter  with  nascent  hydrogen 
{Srt>m  moist  zinc-copper),  or  with  zinc  dust  in  the  presence  of  alcohol  (I!,  g,  Ittlo) ; 
tr  (6)  by  prepaiiiig  zinc  methyl  from  melhyl  iodide  and  decompo^iag  it  with  water ; 


■>■  CH,I  +  2H  =  CH.  +  HI 


CH,'"-"  -r  HOH  -  CH.  "^  '■"^OH 


In  the  laboratory  methane  is  made  (7)  by  heating  sodium  acetate 
with  soda  lime.  The  active  ingredient  of  the  latter  is  sodium 
hydroxide.  Tlie  addition  of  the  lime  is  for  the  purpose  of  protecting 
the  glass  vessel  from  the  corroding  action  of  the  molten  sodium 
hydroxide : 

CH,  ,  CO,Na-i-NiOH  =  CI-l,  -(- CO,N3,. 

IMetiiane  is  a  colorless,  odorless  gas,  compressible  under  great  pres- 
sure and  at  a  low  temperature ;  its  critical  temperature  is  —82°,  and 
its  critical  pressure  55  atm.  It  boils  under  760  mm.  pressure  at  —160" 
and  at  — 164°  its  specific  gravity  is  0,415.     Its  density  equals  8 
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t)  (or  0.5593,  ^r  ^  i).     Il  is  slightly  soluble  in  water,  but 
:  teadily  in  alcohol.     It  burns  with  a  faintly  luminous,  yellowish 
i  forms  explosive  mixtures  wiih  air,  oxygen,  and  chlorine  : 

CH,  +  30,  =  C0,  +  in,0  (steam) 


,v;.4; 


Kit  ts  decom loosed  into  carbim  and  hydrogen  by  the  continued  pas- 
ue  of  the  electric  spark.  When  mixed  with  two  voloraes  of  chlorine 
fi  explodes  in  direct  sunlight,  carbon  separating  (CH,-)-  aC!,  =^C  + 
HCI);  in  diffused  sunlight  chlorine  substitution  products  are  pvu- 


i 


+  a,  =  HCl  +  CH,a— Monochlor-melhane  or  melhjl  chloride. 
CHJCI     +  CI,  =  HCl  +  CH  CI,— DichlDrmelhaoe  or  inelhylene  chloride. 
CH.Cl,  +  a,  =  HCl  +  CHCl.-Tricblormethane  or  chloroform. 
CHCl,    4-  CI.  =  HCl  +  CCl,— Teuschlormethane  or  catbon  letr.iehloride. 

Methyl  chloride  renders  possible  the  conversion  of  methane  into 
methyl  alcohol,  ethane,  ethyl  alcohol,  and  acetic  acid. 

Ethane,  EfAy/  Hydride,  Dimtthyl,  Methyl  Methane  CH,.CH,.— 

This  hydrocarbon  was  discovered  in  1848  by  Franfcland  and  Kolbe. 
It  is  formed  (1)  by  the  addition  of  hydrogen  to  the  two  unsaturated 
hydrocarbons,  acetylene  and  ethylene,  when  the  multiple  linkage  of 
the  carbon  atoms  is  broken  down.  It  has  been  mentioned  under 
methane  that  acetylene  is  produced  by  the  direct  union  of  carbon  and 
"ijrdrogen ; 


2C  -(-  H,  = 


ftr 


^i,,; 


Ethane  may  be  obtained  from  ethyl  alcohol  by  means  of  (1)  ethyl 
iodide  or  (3)  by  means  of  zinc  ethyl,  just  as  methane  was  prepared 
from  methyl  alcohol : 


— >-C,H5l  -I-  2H  =  C,H,.H  +  in. 


Ljlli  . 


=  CjlVH 


4-  Zn  (OH),  (Franklaod). 


Or  (4)  mercury  ethide  may  be  decomposed  by  concentrated  sulphuric 
acid :  (C,HO,Hg  +  SO.H,  =  aC.Hj.H  +  SO.Hg  (Schorlemraer). 
These  last  three  methods  led  to  the  a.ssumption  that  ethane  was  ethyl 
hydride.  The  following  reactions  show  how  ethane  can  be  formed 
from  the  union  of  two  methyl  residues,  and  hence  led  to  the  view  that 

I  he  hydrocarbon  was  dimethyl.     (5)  Sodium  is  allowed  to  act  upon 
Bethyl  iodide,  or  (6)  zinc  methide  may  be  substituted  for  the  metal : 


n'-  zv\\ 


1  N«l.  (WQrti), 
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mnie  convenient  method  {7)  consists  in  healing  acetic  anhydride  niih   barium 

(  (C,H,Oj,0  +  BaO,  =  C,H,  +  (r,H,0,),B«  +  iCO,, 

From  a  theoretical  point  of  view  (8)  the  elecimlysis  of  a  concen- 
trated solution  of  potassium  acetate  (p.  76)  (the  method  used  by  Kolbe 
'  (1848)  when  he  discovered  ethanej,  is  of  great  importance.      The 
salt  breaks  down  into  potassium,  its  electro-positive  constituent,  ap- 
pearing at  the  negative  pole  and  separating  hydrogen   from  water 
at   that    point,    and    also    the    unstable    radical    CH,.CO, — ,  which 
^^^i  ID  mediately  decomposes  at  the  electro-positive  pole  Into  — CHj  and 
^^kCO,.     Two  methyl  groups  then  unite  to  dimethyl,  just  as  two  hydrogen 
^Hifttoms  comhine  to  form  a  molecule  of  that  element : 


CH,    CO,  j  K      HO  ;  H 

CH,    CO,  I  K      HO  :  H 


'U* 


atX),  -!-  2KOH  -f-  I 


Both  Kolbc  and  Franklaod  believed  that  ethyl  hydride  C,H,,H  differed  from 
lelhyl  CH,.CH,.  Such  a  dilTccence  was  not  possible  in  the  light  of  the  talence 
irory.  By  converting  the  hydrocarbon  from  (C,Hjl,Hgan<l  that  obtained  in  the  elec- 
trolysis of  polassium  acetate  into  the  same  elhyl  chloride  Scbor1einincr(lS63)  ptond 
Ihe  identity  of  ethyl  hydride  C,Hj.H  and  dimethyl  CH,.CHj,  tbos  Coafinning  a 
fundamental  re^uiremeDt  of  the  valence  theory  : 


(C,H,),lIg- 
aCH,.CO  OK-! 


^   C,H,.H  _ 
i-}i-CH,.CH,^ 


CI, 


_j.c,Hsa. 

_  ->.CH,CH,a. 


f  Ethane  is  a  colorless  and  odorless  gas,  Its  critical  temperature 
equals  -f-  34'  and  its  critical  pressure  is  go. a  atmospheres.  Ii  boils 
at — 93''utnier  760  mm.  pressure.  Thcspecificgravity  of  liquid  ethane 
al  0°  is  0.466  (B.  27,  3305).     It  acts  like  methane  toward  solvents. 

Ethane  can  be  converted  into  ethyl  alcohol  through  its  monochlor- 
substitution  product, 

Homologues  of  Methane   and   Ethane. — In  preparing   the 
homologous  paraffins  the  homoJogues  of  eihyl  alcohol  C,H„^.,.OH 
_and  the  saturated  fatty  acids  are  ttsed. 


I.  FormatioH  fro. 


•  number  0/ 


|(i)  From  the  unsaturaled  hydrocarbons  by  the  addition  of  hydrogen 
see  Ethane). 
(2)  By  the  reduction  of  alcohols,  ketones,  and  carboxylic  acids, 
(a)  The  alcohols,  for  example  ethyl  alcohol,  are  first  changed  to 
chlorides,  bromides,  and  iodides,  and  then  reduced  with  nascent 
hydrogen,  from  zinc  and  hydrochloric  acid,  or  from  sodium  amalgam 
and  alcohol.   The  iodides  can  also  be  treated  with  aluminium  chloride 


i 


(B.  VI,  2766). 


J 


nethyl  racthBDc  (mm  the  iodide  of  leitiBr]'  buirl  n 

I  (b)  The  Mtunted  falty  acids,  Q, Hip  ^  i.CO,H,  particulatly  the  higher  tnembers  of 
""e  scries,  iDjy  be  converted  iolo  the  corresponding  paraflitu  by  healing  iliem  with 
Bvenlraled  hydriodic  acid  and  ted  phosphorus  to  200-250°  : 

CyH„.CO,H  +  6H1  =  q,Ii„  +  3I,  f  iH,0, 

I  (c)  The  kdonet  (lee  theiej,  resulting  fiom  the  dislilluion  of  the  calcium  salli  of 
yOy  ncids,  change  to  parofiiiis  when  they  are  heated  with  hydriodic  acid.  It  ii  more 
ncliCAl  to  Br^l  prepare  the  kelo- chlorides  (p   102)  by  (he  action  of  phosphorus  penta- 

chloride  upon  the  ketones,  and  then  reduce  ibesc. 
The  last  two  reactions  especially  were  applied  (B.  15,  16S7,  1711 1   ig,  3ll8)  in 

the  prepvalion  of  the  normal  hydrocarbons  from  nonan>,  CH,(CH,),CH,,  lo  letra- 

cosane  Cll,(CH,)yL-H,. 

^^L  (3)  Or,  the  alcohcil  is  changed  by  an  alkyl  iodide  into  a  zinc  or  mer- 
^^^hiy  alkyl,  and  the  zinc  alkyls  are  then  decomposed  by  water  [see 
^Hleihane  and  Ethane),  and  the  mercury  alkyls  by  acids  (see  Ethane). 

I 


I  The  iodides  of  ibe  radici 


,  ^urmafien  froi 


n  sealed  lubes, 


1  carbon,  hy  the  spiUting-off  of 


till; 


(4)  A  mixture  or  the  salts  of  fatty  acids  (the  carboxy!  derivatives  of 

alkyls)  and  sodium  or  potassium  hydroxide  is  subjected  tu  dry  dis- 

(_see  Methane).     Soda^lline  is  preferable  to  the  last  reagents. 


I  The  dibasic  a 


ids  are  similarly  decomposed  : 
CO,.N« 


I 

^^Hll.  Methods  of  Formation,  consisting  in  the  union  of  alkyls,  fre 
^^B  cusly  not  directly  combined,  with  one  another. 

^^P  (5}  Method  of  Wijrtz:  Action    of  sodium   (or   reduced   silver 
^^Bppper)  upon  the   bromides  or  iodides  of  the  alcohol   radicals  i 
^^Rhereal  solution  (see  Ethane).     *"' 


ck,bH,CH,I 
CH,CH,CH,CH,I 


f  aNaOlI  =  C,H„  +  2CO,Na,. 


Thusn 

yields  C::,Hj  .  C,Hj  Diethyl  or  normal  butane. 
'■       CiH,.C,H,   Dinormal  propyl  ornonnal  ! 
"       C,H,.  C,H,  Dinormal  butyl  or  normal  01 


This  reaction  proceeds  especially  easy  with  normal  alkyl  iodides   having  high 

molecular  wcigbls.     Thus,  Hell  and  HigelE.  by  fusing  myricyl  iodide  witli  sodium, 

obtained  krxacanlant,  C^Hy,.  a  compound  having  by  far  the  longest  normal  carbon 

chain   (B.   29,  502),      By  usi^ig  a  mimure  of  the   iodides  of  two  primary  alcohols 

■  fiydrocarboDS  result  from  the  union  of  ditferenl  tadicnis.      The  iodides  of  optically 
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TB   (p.  46)  klcobols.  r.g.,  optically  > 
paraffins  (B.  37,  R.  851). 

(6)  Action  of  zinc  alliyls  upon  alkylogeoi  (»ee  Ethane)  nnd  ketone 
Thus,  acetone  chloride  or  /J-dicbtorpropone  ii  changed  by  zinc  niethide 
methyl  methane : 


amy!   iodide,  yield   opljcally   activi 


J>coia>cii      „^  ^  z„<™._Jg.>c<™.+  Z.CV 

one  Cblorlde. 
(7)  By  the  electrolyBis  of  the  alkali  salts  of  Tally  acids  (lee  Ethane). 


ch;- 


Synthetic  Methods. — The  last  group  of  reactions  comprises 
synthetic  methods,  serving  for  the  building  up  of  hydrocarbons.  In 
the  formation  of  methane  from  carbon  disulphide  and  hydrogen  sul- 
phide it  was  explained  what  in  general  was  understood  by  t lie  synthesis 
of  a  carbon  compound.  Those  reactions  in  which  carbon  atoms,  not 
before  combined  with  one  another,  are  united  claim  particular  import- 
ance in  the  synthesis  of  the  compotmds  of  carbon  (Lieben,  A.  146, 
200).  Most  of  the  carbon  derivatives  are  due  in  the  first  place  to 
mbining  power  of  the  carbon  atoms  among  themselves.  Such 
reactions  are  the  synthetic  melhodi  of  organic  chemistry  in  the  more 
restricied  sense.  In  the  future  we  shall  designate  them  nucleuisynthe- 
They  genetically  bind  together  the  members  of  an  homologous 
series,  and  the  homologous  series  among  themselves,  and  carry  the 
open  carbon  chains  into  closed  chains  or  rings. 

The  synthesis  of  a  carbon  compound  from  derivatives  of  carbon  of 
inown  structure  is  important  for  the  recognition  of  its  structure  or 
constitution ;  indeed,  it  is  one  of  the  most  important  aids. 

Properfics  of  the  Paraffins. — The  lowest  members  of  the  series  up  to 
butane  and  tetraraethyl  methane  are  gases  at  the  ordinary  temperature. 
The  middle  members  are  colorless  liquids,  with  a  faint  but  character- 
istic odor.  The  higher  representatives,  beginning  with  hexadecane, 
Cj^Hw,  melting  at  18°,  are  crystalline  solids.     The  highest  members 

e  only  volatile  without  decomposition  under  reduced  pressure.  The 
boiling  points  rise  with  the  molecular  weights  ;  the  difierence  for  CH, 
is  at  first  30",  and  with  the  higher  members  it  varies  from  25-13"- 

The  boiling  points  oi propane,  of  the  two  butanes,  the  three pentanes. 


and  the  five  kno\ 
theoretically  possible  is 


•s  are  given  in  the  following  table.     All  the 


C,H^       Propane 

*"  "       Normal  Bulane 

Tti methyl  Methane 

C„H|,     Normal  Pentane 

Dimclhyl  ethyl  Melho 
Teinuncthyl  Methane 

C,H„     Normal  H. 


Structural  FormulB. 

CH,.cn,.cn, 

CH,.CH,,CH,.CH. 

CH,.CH(CH,V 
CH,.(CH,),.CH, 

»e  CH,.CH-.CH(CH,), 
C((fHl 
CH,(CH,).CH, 


Methyl  diethyl  Methane  CHj(C,Hj),CH 
Dimethylpropyl  Melhane  CH,.CH,.CH,.CH(CH,>. 
DMsopropyl  (CH,VCH.C1I.(C1I,I, 

Trimelhyl  elhvl  Mell.a.ie  Clf,.CH,.C(CH,), 


Boiling  point  below 
760  mm. 

—  45''(B-»7.33o6)' 
+    ['(B.ar.aTeS). 

—  17° 
+  38- 
+  3o° 
+  10° 
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It  is  evident  from  this  presentation  that  among  isomerides  those 
with  normal  structure  (p.  42)  have  the  highest  boiling  points.  A 
general  rule  would  be  that  with  the  accumulation  of  methyl  groups  in 
the  molecule  the  boiling  points  of  isomeric  bodies  are  lowered.  The 
same  regularity  will  be  again  encountered  in  other  homologous  series. 
The  subjoined  table  contains  the  melting  points,  boiling  points,  and 
the  specific  gravities  of  the  known  normal  paraffins : 


Heptane, .  . 
Octane,    .    . 
Nonane,  .    . 
Decane,  .    . 
Undecane,  . 
Dodecane,  . 
Tridccane,  . 
Tetrad  ecane, 
Pentadecane, 
Hexadecane, 
Heptadecane, 
Octadecane, 
Nonadecane, 
Eicosane, 
Heneicosane, 
Docosane,   . 
Tricosane,  . 
Tetracosaue, 
Heptacosane, 
Hentriacontane, 
Dotriacontane,    . 
Pentatriacontane, 
Dimjrricyl,  .    .    . 


.  CgHjg 

•  ^^^» 

.  C„H^ 
.  C„H,, 

•  ^"« 

•  ^M"4i 

•  ^M**48 

•  ^4"60 

•  ^8l"«i 

•  ^"66 

•  ^"72 


Melting  Point. 


-5io- 

-—32° 

—  26.5° 

—  I20 

—  6.20 

+  5-5° 
4-  io» 
-|-i8« 
4-  22.50 
+  28° 
+  32** 
4-  36.7** 
4-  40.4* 
4-44.4° 

4-47.7'* 
+  51.10 

4-59-5° 
-f  68. 1° 

4-  70.0° 

4-74.7° 
-f  1020 


B.  p. 

Sp.  Gr. 

98.40 

0.7006(00) 

125.50 

0.7188(00) 

149.5° 

0-7330(0°) 

• 

9 

r  173° 

0.7456(00) 

9 

194.5° 

0.7745] 

s 

2140 

0773 

& 

234° 

0.775 

•• 

1 . 

252.50 

0.775 

270.50 

0.775 

^ 

287.5° 

0.775 

V 

303° 

0.776 

•0 

e 

317° 

0.776 

D 

.  330° 

0.777 

at  their 

• 

t 

'  2050 

0.777 

m.  p. 

9 
S 
2 

2150 

0.778 

224.50 

0.778 

0. 

• 

234° 

0.778 

E   • 

243° 

0.778 

10 

2700 

0.779 

M 

3020 

0.780 

•0 

3100 

0.781 

c 

0 

L  331"" 

0.781    ^ 

The  limit  hydrocarbons  arc  insoluble  in  water.  The  lower  and  intermediate 
members  are  readily  soluble  in  alcohol  and  ether.  The  solubility  in  these  last  two 
solvents  falls  with  increasing  molecular  weight.  Dimyricyl,  CjqHj^,  melting  at  1020, 
is  scarcely  soluble  in  them. 

The  specific  gravities  of  the  liquid  and  solid  hydrocarbons  increase  with  their 
molecular  weights,  but  are  always  less  than  that  of  water.  It  is  remarkable  that  in 
the  case  of  the  higher  members  the  specific  gravities  at  the  point  of  fusion  arc  almost 
the  same.  They  rise  from  0.773  ^or  dodecane,  CjjHj^,  to  but  0.781  for  pentatri- 
acontane, CgjH,,  ;  consequently  the  molecular  volumes  are  nearly  proportional  to  the 
molecular  weights  (B.  15,  1719;  A.  223,  268). 

The  paraffins  are  not  absorbed  by  bromine  in  the  cold  or  sulphuric 
acid,  being  in  this  way  readily  distinguished  and  separated  from  the 
unsaturated  hydrocarbons.  They  are  not  very  reactive  and  are  very 
stable,  hence,  their  designation  2& paraffins.  Fuming  nitric  acid  and 
even  chromic  acid  are  without  much  effect  upon  them  in  the  cold ; 
when  heated,  however,  they  generally  burn  directly  to  carbon  dioxide 
and  water.  Recently,  n-hexane  and  n-octane  have  been  nitrated  by 
heating  them  with  dilute  nitric  acid.  When  acted  upon  by  chlorine 
or  bromine  they  yield  substitution  products. 

By  means  of  the  latter  the  paraffins  can  easily  be  converted,  as  ob- 
served under  methane  and  ethane,  into  other  derivatives. 


^M        Ted 
^^p      hydro  a 
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Technical  Preparation  of  the  Limit  Hydrocarbons. — The  J 

hydrocarbons,  technically  accessiljle,  are  applied  in  remarkably  large] 
quantities  for  illumination  and  heating  purposes.  They  are  also  used  1 
as  solvents  for  fats,  oils,  and  resins,  and  as  lubricants  for  machinery;  I 
finally,  as  salves. 

The  great  abundance  of  petroleum,  rock-oil  (naphtha),  is  of  the  ut- 
most importance  to  chemical  industry.  It  is  especially  abundant  in 
Pennsylvania  and  Canada,  although  it  is  also  found  in  the  Crimea  I 
along  the  Black  Sea,  and  at  Baku  on  the  shore  of  the  Caspian,  as  well  I 
as  in  Hungary,  Galicia,  Roumania,  and  the  Argentine  Republic,  Its  1 
occurrence  in  Germany,  in  Hannover,  and  in  Alsace  is  limited.  Since  J 
the  year  1859  efforts  have  been  put  forth  to  work  oil  wells,  which  have.-l 
been  known  for  many  years,  and  also  to  make  new  borings.  (See  1 
Hofer:   Das  Erdo!  and  seine  Verwandten,  1888.) 

The  fcrllowmg  d>la  give  some  i<le]i  of  the  vait  qumiliues  in  which  this  product 
is  hsndlcd  :  In  I889  Ibe  yield  of  cniile  oil  in  America  was  about  35,000,000  baJTcIs; 
in  KuKtia,  about  21,000,000  baneb ;  ia  oiher  couiilries.  1.700,00a  boirels,  of  which 
Alsace  furnithed  45,000  barrels  and  Hannover  6000  barrels.  The  bacre!  contnini  - 
159  liters.  The  otisumption  in  Germany  represented  aboot  4,000,000  barrels  (see 
F.  Fischer,  Hdb.  d,  th.  Technologie,  1S93,  S.  128). 

In   a  crude  state   it  is  a  thick,  oily  liquid,  of  brownish  color, 
with   greenish    luster.     Its  more  volatile  constituents  are  lost  upon   ' 
exposure  to  the  air;    it  then    thickens  and  eventually  passes  into  I 
asphaltum.     The  greatest  differences  prevail  in  the  various  kinds  of    | 
petroleum.     It  is  very  probable  that  petroleum  has  been  produced  by   I 
the  distillation  of  the  fatty  constituents  of  fossil  animals,     This  took 
place  under  great  pressure  and  by  the  heat  of  the  earth.     The  dislitla- 
lion  of  fish  blubber  under  pressure  has  yielded  products  very  similar  to   | 
the  American  petroleum  (Engler,  B.  21,  1816  ;  26,  1449 ;  Ochsenius, 
B.  24,  R.  594). 

At  the  conclusion  of  his  investigations  on  metallic  carbides  Moissan 
shows  that  on  decomposing  the  metallic  carbides  in  the  interior  of  the 
earth  with  water  hydrocarbons  might  arise,  and  these  could  cause  the 
gas  and  petroleum  wells  (B.  29,  R.  614)- 

American  petroleum  consistsalmost  exclusively  of  normal  paraffins; 
yet  minute  quantities  of  some  of  the  benzene  hydrocarbons  (cumene 
and  mesitylcne)  appear  to  be  present.     In  a  crude  form  it  has  a  specific    1 
gravity  of  0.8-0.93,  and  distils  over  from  jo-jfio"  and  beyond  this.    , 
Various  products,  of  technical  value,  have  been  obtained  from  it  by 
fractional  distillation:    Petrcleum  cM*/',  specific  gravity  0.665-0.67, 
distilling  about  50-60°,  consists  of  pentane  and  hexane;  petroleum   I 
btnsint,  not  to  be  confounded  with  the  benzene  of  coal  tar,  has  a 
specific  gravity  of  0.68-0.72,  distils  at  70-90°,  and  is  composed  of 
hexane  and  heptane ;  /t^ij(«f,  boiling  from  go^-iao",  consists  princi- 
pally of  heptane  and  octane  ;  refined  petroleum,  called  also  kerosene, 
boils  from  150-300*  and  has  a  specific  gravity  of  0.78-0,81.    (For  the  1 
apparatus  of  Engler  and  .\bcl  intended  to  determine  the  flashing  point 
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of  petroleum  sec  Eisner:  Die  Praxis  des  Chemikers  [18933  s.  399,  401; 
B.  39,  R.  553).     The  portions  boiiingat  high  temperatures  areapplied 

jslubricants;  small  amounts  of  vaseline  and  paraffins  (see  below)  are 

ibtained  from  them. 

CaacuiRD  petroleum  (rrom  Biku)  hii  a  h[g;h«r  specific  giavily  Ibon  the  AmericBD : 

wnlUDS  fu  ksi  of  tbe  liglil  loUlile  corutiluenl^.  and  dialils  about  150°.  Upward 
afioper  cent,  benzene  bydrocarbona  (C,H,  to  cymene  C,,,!!,,)  itiay  lie  eitnicted  by 
■bakiag  it  with  concentrated  sulphuric  acid ;  Bod  in  addition  le&i  tuiurnled  hydro- 
ctrboni,  CiH,n  — |.  etc.  (U.  ig.  K.  671).  These  latter  are  alw  pteseni  in  the 
Gennan  oils  INaphthenes,  B.  ao,  595).  Tbal  portion  of  the  Caucnsian  petroleum 
insoluble  in  sulphuric  acid  consists  almost  eiclusiveiy  of  CoH,„  hydrocoiboos,  the 
napbthenes,  which  belong  to  [he  cydoparaflins  (p.  &g),  and  are  probably  chiefly 
pebtMaethylenes.  mixed,  perhaps,  with  aromatic  hydrides;  hexahydroxylene^^oclo- 
naphthenc,  hc»ahydronieiitylene=non-naphlhcne  (B.  16,  1873;  tS,  R.  186;  so, 
1850,  R.  570).  Fiom  its  composition,  Galician  petroleum  occupies  a  position  inter- 
mediate between  Ihe  American  and  that  from  Baku  {A.  aio,  iSHj. 

German  petroleum  bI«o  contains  beniene  hydrocarbons  (eslracled  by  sulphnric 
acid),  but  consists  chiefly  of  the  sataraled  hydrocarbons  and  naphthrnes  (Kraemer, 
B.  lo,  595).  Tbe  so-called  petrolic  acids  are  present  in  all  varieliei  of  petroleum, 
parlicolarly  that  from  Russia  (Beilslein,  Hdb.  d.  org.  Ch.,  Ill  Aufl..  522). 

Froducts  similar  to  those  aHorded  by  American  petroleum  ore  yielded  by  the  tars 
resulting  from  the  dry  distillation  of  cannel  coal  (in  Scotland)  and  a  variety  of  coal 
found  in  5axony.  These  tars  contain  appreciably  greater  quaalilies  of  uosatutated 
hydrocarbons  associated  with  the  naphthenes  and  paraffins,  as  well  as  Ihe  aromatic 
iiiydrocarbons  present  in  the  tar  from  bituminous  shales  (Heuslcr,  B,  a8,  488;  Z.  f, 
\org.  Cb.  1896,  S.  3I9).     IJtrge  quantities  of  solid  paraffins  are  also  present  in 

By  paraffiitt,  we  ordinarily  understand  the  high-boiling  (beyond 
300°)   solid   hydrocarbons  arising  from   the   distillation    of  the  tar 
obtained  from  turf,  lignite,  and  bituminous  shales.     Patafliu  ivas  dis- 
covered by  Reichenbach  (1830)  in  the  tar  from  beech-wood.     They 
are  more  abundant  in  the  petroleum  from  Baku  than  in  that  from 
America.     Mineral  wax,  ozokerite  (in   Galicia  and  Roumania;    also 
upon  an  island  in  the  Caspian  Sea,  B.  i5,  1547)  and  neftigil  (in  Baku), 
L-are  examples  existing  in  a  free,  solid  condition.    For  their  purification 
^tte  crtide  paraffins  are  treated  with  concentrated  sulphuric  acid,  to 
Mestroy  the  resinous  constituents,  and  then  re-distilled.     Ozokerite 
mat  has  been  directly  bleached,  without  distillation,  beats  the  name 
1  is  used  as  a  substitute  for  beeswax.     Paraffins  that  liquefy 
eadily  and  fuse  between  30-40°,  are  known  as  vaselines :  they  find 
Upplicalion  as  salves. 

When  pure,  the  paraffins  form  a  white,  translucent,  leafy,  crystalline 
mass,  soluble  in  ether  and  hot  alcohol.  They  melt  between  45"  and 
70",  and  are  essentially  a  mixture  of  hydrocarbons  boiling  above 
300°,  but  appear  to  contain  also  those  of  the  formula  C„H^.  Chemi- 
cally, paraffin  is  extremely  stable,  and  is  not  attacked  by  fuming  nitric 
acid.  Substitution  products  are  formed  when  chlorine  acts  upon 
paraffin  in  a  molten  state. 


VOes 
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B.  Unsaturated  Hydrocarbons. 

1,  C,Hb         :  Olefines,  Alkyleos.  Alkcnes. 

2.  CaHft-,  :  Aceljlene  Serici. 
J,  C;,H,._,  :  Diolefine  Series. 

4,  C,Hto_t  :  OlcfioHCctylcne  Series. 

5-  C„H„_,  :    Diacelylene  Series. 


I.  OLBFINBS  or  ALKVLENS.     C„H„. 

The  hydrocarbons  of  this  series  contain  two  hydrogen  atoms^ 
than  the  limit  hydrocarbons.  All  contain  two  adjacent  carbon  atoms 
united  doubly  to  each  other,  or,  as  commonly  expressed,  they  contain 
a  double  carbon  linkage.  The  olefines  readily  add  two  univalent 
atoms  or  radicals;  the  double  carbon  union  is  then  severed.      Paraf- 


linsi 


-thei 


iiilt. 


I 


The  names  ol  ihe  olefines  are  deiired  from  Ihe  names  of  the  slcohols  conlaining 
■  like  carbon  conleni, -with  the  addiuoa  of  Ibe  suftix  "ene":  ethylene  from  ethyl, 
propylene  from  propyl,  and  linally  for  the  series  we  have  the  name:  aliyleris.  In 
the  "  Geneia  names"  the^/of  the  alcohol  radicals  is  replaced  by  "  ene  ":  [ethene] 
from  elbyl,  [[)ro|«iie]  from  propyl,  and  far  the  series  :  alktttti.  In  long  aeries  tlie 
position  of  ibe  double  anion  is  indicated  by  an  added  number  (p.  So),  Mclbylcne, 
=<IH,,  the  hydrogen  compound  corresponding  lo  CO,  has  thus  far  resisted  isolalion 
ai  completely  as  — CH^  Two  ^CH,  groups  invariably  unite  to  etliylene — the  dnx 
member  of  the  series,  BegiooJDg  with  the  second  member  of  the  series  we  lind,  as 
we  advance,  that  the  olefines  have  isomerldes  in  the  ring-shaped  hydrocarbons — the 
cycloparaffiDs  or  cyclic  limit  hydrocarbons : 


Propylcr 

The  three  bulylt 

The  five  amylen 
The  hexytenes  i 


has  an  isomeride  ir 


nrlhylenf — Cy  cl  oprop  an 


CH, 


cn'.CH, 

CH.CH, 
CH,-Cli, 


Cyclobulaui 
'•         ■■         ■' fiHlamtthyliHt — 

Cyclopenlane  Ln-,i.nj- 

ric  with  hixamtlhyline—  CH,-CH,-CH 

[Cyclohexone]  beiahydrobenwne  CH,-CH,-CH 

eric  with  juA?r™.^heptamethyIene  CH,.CH,.CH, 

^  [Cycloheptane]  CH,,Cn,-^H, 


'>CH, 


The  cyclopara/fins  are  more  closely  allied,  in  chemical  character,  lo  the  paraffins 
ihsn  to  their  isomeric  olciines,  as  ihey  only  contnin  singly  linked  carbon  atoms.  They 
lack  in  additive  power,  as  the  addition  of  hydrogen  could  only  result  in  a  rapture  of 
the  ring.  In  their  deriiatives,  the  cycloparaRlns  form  the  transition  from  fntty  bodies 
lo  the  aromatic  compounds.  They  will  not  be  considered  in  the  discussion  of  the 
olefines, 

Olefine  isomerides  appear  first  with  butylene.  Tliree  modifications  are  possible 
and  are  also  known  : 


k 


.    (il  CH,— CH^CII— CH.         (3)  CH,=C(CH,), 


Five  olefines  of  the  formula  CtHu  arc 
Ethylene  is  the  type  of  olefines.     It  i 


possible,  etc. 

'ill  now  receive  attenti' 
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Ethylene,  CH,  =  CH,  \_£/Afnf],  Elayl;  called  oil-forming  gas 
because,  by  the  action  of  chlorine,  it  yields  an  oily  compound,  ethylene 
chloride  (see  this).  This  property  has  given  the  name  to  this  homol- 
ogous series.  Ethylene  is  formed  in  the  dry  distillation  of  many 
organic  bodies,  and  is,  therefore,  present  in  illuminating  gas  (4  to  5 
per  cent.). 

Methods  of  Formation, — (i)  By  heating  methylene  iodide,  CHJ,, 
with  metallic  copper  to  100°  in  a  sealed  tube  (Butlerow)  : 

CH, 
2CH,I,-f4Cu=  I      -f  2Cu,V 

CI  I, 

(2)  By  the  action  of  metallic  sodium  upon  ethylidene  chloride 
(Tollens)  and  ethylene  chloride,  as  well  as  from  zinc  and  ethylene 
bromide : 

CHCl,       CHjCl  CH,  CHjBr  CH, 

I  or  I  -f  2Na  =  II       +  2NaCl ;     |  -|-  Zn  =  jj       -f  ZnBr,. 

CHj  CHjCl  CH,  CHjBr  CH, 

(3)  By  the  action  of  zinc  and  ammonia  upon  copper  acetylide  : 

CH  CH, 

(4)  When  alcoholic  potash  acts  upon  ethyl  bromide : 

CHjBr  CH, 

I  -f  KOH  =  11       -h  KBr  +  n,0. 

CH,  CH, 

(5)  Upon  heating  ethyl  sulphuric  acid  (see  below).  This  is  the 
method  usually  pursued  in  the  laboratory  for  the  preparation  of  ethy- 
lene (A.  192,  244) : 

SO,<gH^"»  =  SOJT,4-C,H,. 

(6)  Electrolyze  a  concentrated  solution  of  potassium  succinate  (see 
ethane)  ( Kekul6) : 

+  -  -f-  - 


CH,iCO, 


K      HOjH       CH,  H 


II  +        j     =11     -f2CO,-f2KOH  +  |. 

CH,:CO,  K      HOjH       CH,  H 

Ethylene  is  a  colorless  gas,  with  a  peculiar,  sweetish  odor.  Water 
dissolves  but  small  quantities  of  it,  while  alcohol  and  ether  absorb 
about  2  volumes.  It  is  liquefied  at  0°,  and  a  pressure  of  42  atmos- 
pheres. Its  critical  temperature  is  13®,  while  its  critical  pressure  ex- 
ceeds 60  atmospheres.  It  melts  at  — 169°,  and  at  ordinary  pressure 
boils  at  —  105°,  and  is  suitable  for  the  production  of  very  low  tern- 


peratures.  It  burns  with  a  bright,  liiminons  flame,  decomposing  into  J 
methane  and  acetylene  (B.  37,  R-  459)-  In  chlorine  gaa  the  flame  is  1 
very  smoky ;  a  mixture  of  ethylene  and  chlorine  burns  away  slowly  | 
when  ignited.  It  forms  a  very  explosive  mixture  with  oxygen  (3  I 
volumes), 

(i)  Aided  by  platinum  black  it  will  combine  with  hydrogen  at  ] 
ordinary  tem|ieratiires,  yielding  C,H,  (B.  7,  354), 

(a)  It    is  absoibed  by  concentrated  hydrobromic  and    hydriodic 
acids  at  100°,  with  the  production  of  CjHjBr  and  C,HjI : 


+  H,= 


L/     lu. 


1-H1  = 


(3)  It  combinesj  ■ 
phuric  acid  ;  and  v 


ilh  sulphur 
th  sulphuri 


+  so,<     =  so,< 


c  acid  at  160-174°,  forming  ethyl  sul- 
;  anhydride  it  yields  carbyl  sulphate : 

CII,  CllrO.SO, 

S-f  ISO.  =  .  "->o. 

H,  CH,— Srj, 


(4)  It  unites  readily  with  chlorine  and  bromine,  as  well  as  1 
alcoholic  iodine,  and  the  two  modilications  of  iodine  chloride : 


&,,- 


CH,Br 
CH,Bt' 


il       +QI 


CI  I, a 


(6)  Ethylene  glycol  itself,  however,  is  produced  by  carefully  oxi- 
dizing ethylene  with  dilute  potassium  permanganate,  which  acts  as  if 
hydrogen  peroxide  added  itself  to  the  ethylene : 


■ 
II 


cH,a 

CM.OIl' 


CH,      OH      CH,OH 
CH,      OH      CH,Oh' 


Ethylene  Homologues, — Higher  olefines  are  found  in  the  tar  I 
from  bituminous  shales  (B,  38,  496).  Just  as  ethyl  alcohol  is  the  , 
most  suitable  substance  for  the  preparation  of  ethylene,  so  a 
homologues  the  best  starting-out  material  for  the  production  of  the  ' 
homologues  of  ethylene, 

Melhods  of  Formation. — f  i)  The  halogen  derivatives,  readily  formed 
from  the  alcohols,  are  digested  with  alcoholic  sodium  or  pota.ssium 
hydroxide. 

In  this  reaction  the  haloid  (especially  ihe  iodides)  derivatives  corresponding  lo  the 
secondnrj  and  terliary  alcohols  break  up  very  readilj'.  Ftopylent  has  been  obtained 
from  isoproiiyl  ioflidc,  a-iittylrnt  from  the  iodide  of  nonnal  butyl  alcohol,  ^-hutyleni 
from  secinidarf  buly!  iodide,  and  isabutyhtu  from  Ihe  iodide  of  tertiary  butyl  alcohol. 
Many  Mbera  have  been  prepared  in  the  same  way.  Heating  with  lead  oxide  effeeti 
■he  Mine  result  (B.   11,  414).     Teitiirj  iodides  yield  ole^nes  when  Ueated  with 


J 
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(3)  Distil  the  monohydhc  alcohols,  C,H^^.,OH,  with  dehydrating 
■:ftgeiits,  e.g.,  sulphuric    acid,  chloride  of  zinc,   and  phosphorus   or 
1  boron  trioxide.     These  remove  one  molecule  of  water.     Isomeric  and 
polymeric  forms  are  produced  along  with  the  normal  olefines. 


a\s  decoQipoM  with  specinl  readiness.  The 
decompoaiiioD,  suffer  ihe  above  change  when 
:,  C„H„,  is  formed  on  dislillioE  celyl  alcohol, 


I 


The  (econdary  aod  teitisi 

higher  alcoliols,  not  volaliJe 

I  heal  is  applied  to  ibeiD  1  (hi 

I      When  sulphuric  acid  acts  upon  the  alcohols,  acid  eslecs  or  sulphuric  acid  (Ihe  sO' 
Polled  aciil  elhereo!  suits — see  lliese)  appear  as  inlcmiediate  products.     When  hewcd 
^  these  breok  down  into  sulphuric  acid  and  C„  Hi,  bydrocarbons  (compare  elhyleue), 
TJie  higher  olefiDes  may  be  obtained  from  the  corresponding  alcohols  by  dislillmg 

the  esten  they  form  wilh  the  fauy  acids.     The  products  are  an  oleline  and  ftn  acid 

(B.  16,3016); 

C,,H,,O.O.C„H-  =  C„H,,O.OH  +  C,,!!,.. 

Dodecyl  Elherar        Parmllli:  Acid.     Dndecylenc. 
Palmllic  Acid. 

(3)  By  'I1*  action  of  metals  upon  the  halogen  addition  products 
IjDfthe  olefines  (see  ethylene). 

(4)  Electrolyze  the  potassium  salts  of  saturated  dicarboxylic  acids 
(see  ethylene), 
'     (sl  When  zinc  alkylens  act  upon  brom- olefines,  e.g.,  CH,=CHBr, 

lich  with  zinc  yields  a-butylene  or  ethyl  ethylene. 

(6)  Olelines  have  also  been  obtained  by  the  reaction  of  Wiirtz 
(p.  84). 

(7)  The  formation  of  higher  alkylens  in  the  action  of  lower  mem- 
bers with  tertiary  alcohols  or  alkyl-iodides  is  noteworthy.  Thus,  from 
tertiary  bulyl  alcohol  and  isobutylene,  with  the  assistance  of  zinc  chlo- 
ride or  sulphuric  acid,  we  get  isodibutylene  (A.  189,  65  ;  B.  27,  R. 

■  6a6J: 
(CH,),C,OH  +  CH, :  C(CH,),  = 
The  oclion  of  the  ZnCl,  is  due  to  Ihe  formalion  of  addilion  produeis,  t.  g..  tri- 
methyl  ethylene  and  cine  chloride  unite  to  the  crystalline  compound  (CH,),C  =: 
CllCll„xZnCI,.  Woier  cooverls  this  into  dimethyl -eihy I  earbinol,  while  hydrogen 
chloride  produces  the  chloride  of  the  latter.  Tills  chloride  and  trimelhyl  ethylene 
then  unite  to  a  saturated  chloride,  which  on  dislillalion  splits  off  hydrochloric  acid 

t  and  yields  diamylene  (U.  35,  R.  865). 
Te'rarnelliyl  ethylene  (B.  16,  J9S)  is  produced  on  heating  ^-isoamylene  (see  p.  94) 
*ilh  methyl  iodide  and  lead  oxide : 
!■ 
prod  I 


(CH,),C !  CH.CH,  +  CH,I  =(CH,},C ;  C(CH,1,  +  HI. 

icated  carbon  compounds  the 
s,  hence  their  presence  in  illu 


I 


PreptrlUs  and  Rearrangements  of  the  Olefines. — So  far  as  physical 
properties  are  concerned,  the  olefines  resemble  the  normal  hydrocar- 
bons ;  the  lower  members  are  gases,  the  intermediate  ethereal  liquids, 
while  the  higher  (.from  C„Hn  up)  are  solids.     Generally  their  boiling 
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L  few  degrees   I 


93 

than    (hose    of  the   correspciiiding 


points  aj 
paraEFiDs. 

In  chemical  properties,  on  the  other  hand,  ihey  differ  greaily  from 
the  paraffins. 

Being  unsaturated,  they  can  unite  directly  with  two  univalent  atoms 
or  groups ;  then  the  double  binding  becomes  single. 

They  combine : 

(I )  With  nascent  hydrogen,  forming  paraffins  with  i 
carbon  atoms  (see  ethylene). 

(a)  With  HBr  and  with  especial  readiness  with  HI. 

Tbe  h^oid  acids  attach  Ihemseltcs  in  such  a  manner  to  Ihe  mono-  and  di-alkyl 
ethylenes  that  the  halogen  unites  with  the  carbon  atom  holding  Ihe  fewest  hydrogen 
Rlomi.  As  such  ttlkyliied  ethylenes  can  be  prepared  from  ibe  proper  primary  alco- 
hols by  the  splilling-afT  of  wiler,  such  reactions  can  be  employed  la  concert  primary 
into  secondary  alcohols,  and  also  tertiary  alcohols  (p.  no). 

The  olclinea  are  also  capable  of  combining  with  the  fat-acids  (B.  iji  R.  463] 
when  exposed  to  a  high  heat  (290-300*),  t.  g.  : 

C,H,|CH  =  CH,  +  CH,.CO,H  =  CiHyCH(O.CO.CH.),ClI, 


l-ethytM' 


tplyl  A 


(3)  Conceniratedsnlphuric  acid  absorbs  them,  forming  ethereal  salts. 
This  is  a  reaction  which  can  be  used  to  change  olefines  into  alcohols- 
and  also  to  sejiarate  them  from  paraffins  (see  p.  go). 

(4)  They  form  dihaloids  (see  ethylene)  with  CI,.  Br„  I,.  ClI.  These 
can  be  viewed  as  the  haloid  estersof  the  dihydric  alcohols — the  glycols, 
into  which  they  can  be  converted. 

{5)  They  yield  so-called  chlorbydrin*  with  aqueous  hypochlorous  arid.  These 
are  the  basic  esters  of  the  glycols  (see  ethylene). 

(6)  Energetic  oxidation  severs  the  double  union  of  the  olelines, 
Potasiiium  permanganate  in  diSute  solution  changes  them  to  glycols  (B. 
31,  lajo.  3359) 

The  last  three  reactions  niford  a  means  of  converting  monacid  (monohydric)  alco- 
bob  into  dihydric  alcohols  or  glycols  (see  these).  The  olefines  form  the  pari  ofaidi 
in  these  changes,  t.  g.  : 

CH.Bi 


l"^H,Br  \ 


cu,c 


/■ 


e  these). 


L 


1  the  olefini 

lies  of  oiimcs  of  oiyaldehydes  and  oxyketones. 
oJennes  cui  even  lake  up  nilrosyl chloride  (B.  11,  169;  37,  455.  R.  467).  The 
resulting  addition  products  are  changed  by  boiling  water,  alcoholic  potash,  and 
ammonia  back  into  the  olelines  (B.  39,  1350). 

(8)  PoIymiHialionof  Olefines.— Whtn  Beted  upon  by  dilute  sulphuric  acid(B.  ig, 
1550),  zinc  chloride,  boron  fluoride,  lutA  other  substances,  many  olefmes  sustain,  even 
at  ordinary  lemperalures,  a  polymeriialion,  in  consequence  of  the  union  of  several 
molecules.  Thus  there  result  from  isoamvlene,  C,H.,:  di-isoaraylene,  C|(H„;  tri- 
Isoainylene,  C,.H„,  etc.     Bulylene  and  propylene  behave  in  the  same  way.     Ethy- 


lene, c 


ithe< 


nand,  is  neither  condensed  by  sulphuric  acid  n 


rb,h 


n  fluoride. 
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The  polymerides  act  like  unsaturated  compounds,  and  contain  a  pair  of  doubly  linked 
carbon  atoms. 

The  nature  of  the  binding  of  the  carbon  atoms  in  polymerization  is,  in  all  proba- 
bility, influenced  by  the  different  structure  of  the  alkylens.  The  manner  of  fonna- 
tion  and  structure  of  the  isodibutylene  produced  from  isobutylene  correspond  to  the 
formulas : 

(CH3),C  :  CH,  4-  CH, :  C{CH,),  =-.  (CH,),C.CH  :  C(Cn,),. 
2  Mols.  isobutylene.  Isodibutylene. 

Tertiary  butyl  alcohol  very  probably  figures  as  an  intermediate  product,  and  after- 
ward unites  with  a  second  molecule  of  isobutylene,  and  condenses  to  isodibutylene 
(compare  p.  92). 

Although  ethylene  suffers  no  alteration,  yet  its  unsymmetrical  halogen  substitution 
products  polymerize  very  readily  (see  p.  106). 

Below  are  given  the  boiling  points  of  some  of  the  homologues  of 
ethylene.  It  is  most  convenient  to  designate  these  as  alkyl  substitu- 
tion products  of  ethylene. 


o 


rO 


|0 


Propylene, CHjCH  =  CH,  —  40®  gaseous. 

Ethylethylene, CH,CHjCH  =  CH,  —    5° 

Sym.Dimethyl-ethylene,    ,    .    .  CH..CH  =  CH.CH,  +    i® 

Unsym.  Dimethyl-cthylene,  .    .  (CH3),C  =  CH,  —    60 

Nor.  Propyl-ethylene,     .    .    .    .  CH,CH,CH,CH  =  CH,  -f- 39 

a-Amylene 

Isopropyl  ethylene, (CH,),CH.CH  =  CH,  +21' 

a-Isoamylene 
Sym.  Methyl-ethyl-ethylene,  .    .  CH,.CH,.CH  =  CH.CH,      -}-  36^ 

/9-Amylene 

Unsym.  Methyl-ethyl-ethylene,  .  CHj.CH,  ^^ ^tt  ,      ., 

y-Amylene                                          CH,  ^^  —  ^"»  ^"  ^^ 

Trimethyl -ethylene, (CH,),C  =  CH.CH,  4-36^ 

/3-Isoamylene 

Tetramethyl-ethylene,     .    .    .    .  (CH,),C  =  C(CH,),  -)- 73°  (B.  27,  454). 

Many  other  higher  members  of  this  series  are  known.  Of  these,  trimethyl-ethylene 
or  j3-isoamyIene,  pental^  possesses  a  significance,  as  it  is  used  to  produce  temporary 
narcosis,  and  in  the  preparation  of  the  so-called  amylene  hydrate  or  tertiary  amyl 
alcohol.  j5-Isoamylene  constitutes  the  chief  ingredient  of  the  mixture  of  olefines 
resulting  from  the  action  of  zinc  chloride  upon  the  amyl  alcohol  of  fermentation  (A. 
190,  332). 

HYDROCARBONS,  CnHsn— a. 

Two  groups  of  hydrocarbons  having  this  empiric  formula  exist : 
The  acetylenes  or  alkines  with  triple  linking,  and 
The  allylenes  with  two  double  linkages. 

The  allylenes  are  also  called  diolefines.  The  difference  in  structure 
is  clearly  shown  in  their  different  chemical  deportment.  It  is  the 
acetylenes  (with  group  s  CH)  alone  which  have  the  power  of  enter- 
ing into  combinations  in  which  the  hydrogen  of  the  group  ^CH  is 
replaced  by  metals.  The  names  adopted  for  the  acetylenes  by  the 
Geneva  Congress  are  formed  by  substituting  the  ending  *'ine'*  for 
the  ending^/ of  alcohol  radicals  with  like  carbon  content,  hence  the 
designation  alkines. 


3.  ACETyLBNES  or  ALKINES,  CdHu  — t. 

The  position  of  acetyknu,  ihe  first  nieniber  of  this  series,  among  the 
ali|ihalic  hydrocarbons  is  very  important.  It  is  the  only  hydrocarbon 
which  has  been  prepared  directly  from  its  elements — hydrogen  and 
carbon.  Some  acetylenes  are  distinguished  by  \}a^\T power  ef  polymeri- 
zation, when  they  become  simple  aromatic  hydrocarbons. 

Acetylene  [Ethine'\  CH  =  CH.— Acetylene  was  first  observed  by 
Edmund  Davy.  Berthelot  introduced  the  name  acetylene  amd  studied 
the  hydrocarbon  carefully. 

(i)  Berthelot  effected  the  synthesis  of  acetylene  by  passing  the 
r  electric  spark  between  carbun  points  in  an  atmosphere  of  hydrogen 

!(p.  76): 

'  jC -t- H,  =  CU  =  CH. 

(2)  It  results,  loo,  in  the  decomposition  of  (he  carbides  of  the 
F  alkaline  earths  by  water  (B.  25,  R,  850 ;  37,  R.  297): 


CH 


^OH 


nee  calcium  orbide  <an  now  be  oblaiaed  without  trouWe,  the  method  Las  been 

'    used  IQ  make  acetylene  in  quantity.     Tbe  product  is,  however,  always  coDtaioiiutfd 

by  phosphine^Vhieh  can  be  reinoTed  by   wasbing  it    with  bromine  wate^    The 

great  eipeclations  enteitained,  that  acetylene  from  calcium  carbide  would  proTe  a 

rival  of  gas  from  coal,  have  not  yet  becD  realiwd. 

(3)  It  may  be  prepared  from  methane  through  the  instrumentality 
I  of  chloroform,  from  which  chlorine  is  removed  on  heating  it  with 
f  copper  or  metallic  sodium  (Filtig).  Bromoform,  CHBrj  (B.  35,  R. 
V 108),  and  iodoform,  CHI,,  are  very  readily  changed  by  silver  or  zinc 
tdust  into  acetylene : 


(4)  Formerly  acetylene  was  always  made  from  ethylene  bromide  by 
rthcaction  of  alcoholic  caustic  potash  (A.  191,  268).     Al  first  the  ethy- 
lene bromide  losesa  molecule  of  hydrogen  bromide  and  becomes  mono- 
bromelhylene  or  vinyl  bromide,  which  in  turn  loses  a  molecule  of 
hydrogen  bromide  with  the  production  of  acetylene  : 

CH,GH  CH,      B,,      CH.Br  CHUr 

J  >  II      ^  I  -f  KOH  =  M        -^  KBr  +  11,1) 

CH.  CH,  CHjBr  CH, 

CHBr 

M  +KOH  = 

61, 

As  ethylene  is  invariably  obtained  from  ethyl  alcohol  and  sulphuric 
cid,  this  method  allies  acetylene  genetically  with  ethyl  alcohol. 
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(5)  Acetylene  is  further   produced  by  the  electrolysis  of  the 
salts  of  the  two  iaomeric    dicarboxylic   acids — maleic    and   fumarii 
(Kekult,  A.  131,  85): 

L  CIICO,|K      HOH      CH  H 

I  JI„k|K  +  „olH-!!„  +  -^°'  +  -'°"  +  l,"-'"' 

(6)  It  is  woKhy  of  note  tbit  potosiium  acelytcne-monDcarbDxytsie  and  silver 
acelylene-dicarboiLylate  are  readily  convened,  when  warmed  with  water,  inlo  cw- 
bon  dioiid^  and  acelylene,  also  silver  acelylide  (A.  »J3,  139).  The  staUIJly  of  the 
diculxixylic  Dcldi  is  very  mucb  influenced  by  the  manner  of  union  of  ihc  csrbon 
atoms,  10  which  the  csrboiyl  groups  are  attached. 

C,0(AEi  =  C,Ag,  -f-  2CO,. 

Acetylene  ia  further  formed  when  many  carbon  compounds,  like 
alcohol,  ether,  mar^h  gas,  methylene,  etc.,  are  exposed  to  intense 
heat  (their  vapors  conducted  through  tubes  heated  to  redness).  Hence 
it  is  present  in  small  amount  in  illuminating  gas,  to  which  it  imparls 
a.  peculiar  odor. 

Properties. — Pure  acetylene  is  a  gas  of  ethereal,  agreeable  odor,  and 
may  be  liquefied  at  +1'  and  under  a  pressure  of  48  atmospheres.  It 
solidifies  when  rapidly  vaporized  and  then  melts  at  —81°.  It  is 
slightly  soluble  in  water;  more  readily  in  alcohol  and  ether.  It  burns 
with  a  very  smoky  flame  and  with  air  (9  vols.),  but  es[iecially  with 
oxygen  (zj^  vols.),  forms  an  exceedingly  explosive  mixture. 

Changes. — Nascent   hydrogen   converts  acetylene    into   C,H,  and 
CiH(.      Ordinary  hydrogen  (2  vols.)  and  acetylene  (i   vol.)  t>assed 
\  over   platinum   black  form    C,H,.  (B.  7,  351).     Acelylene  combines 
f  with  CIH  and  HI,  forming  CH.CHCl,  and  CH.CHI,. 

Acetylene  reacts  very  energetically  with  chlorine  gas.  It  fortos  a  crystalline 
compouDd  with  SbCIi,  but  heat  changes  this  lo  dichlor-ethylene,  CHCl  :  CHCl  and 
SbC!^     With  bromine  ii  fDrmsCjfl.llr,  and  C,H,Br,  (A.  a»l,  138). 

In  contact  with  HgBr,  "nd  other  mercury  sails  acetylene  unites  with  water  to 
yield  aUchydf,  which  is  also  produced  when  acetylene  is  heated  with  water  to  jlj" 
(D.  a8,  R.'i74). 

Id  contact  with  caustic  potash  and  lur  it  changes  io  diiTused  sunlighl  to  actlic  acid. 

Acetylene  polymerizes  at  a  red  heat.     Three  molecules  unite  to  one 

■lecule  of  bemene,  C,H,.     This  is  one  of  the  most  striking  transi- 

;ions  from  the  aliphatic  to  the  aromatic  series  and  is,  at  the  same  lime, 

synthesis   of  the  parent  hydrocarbon  of  aromatic  substances  (Ber- 

ihelol). 


alkali      ^1 
marie      ^H 
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Metallic  Derivatives  of  Acetylene. — The  two  hydrogen  atoms  of 
acetylene  can  be  replaced  by  metals.  The  alkali  and  alkaline  earth 
Bcelylides  are  stable  even  in  the  heal,  but  are  decomposed  by  water 


I 
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with  the  liberation  of  acetylene.     Copper  and  silver  acetylides  when 
dry  are  exceedingly  explosive.     They  are  stable  in  the  preseni 
Acids  evolve  pure  acetylene  from  them. 

Sodium  acetylides,  CH  =  CNi  »nd  CN«  =  CNa.— These  nfe  produced  when 
sodium  is  healed  in  ■cetf  lene  gas.  CaLium  aitlyiidi  or  caL-ium  tarhidt,  C-Ca,  ift 
formed  nhen  ciLlcLum  oxide  is  reduced  by  carbon  u  a  red  beat  (W5hler,  1863),  and 
when  t,  TmyiX\aK  qI  <alcium  exiiU  kA  sugar  earhi-H  ia  healed  in  electric  fumacet  to 
3500°  l&Iois5>n,  B.  37,  R.  338).  It  is  a  homogeDeoiu,  black  fusion  wilb  a  crystal- 
line fracture.  Drop  fragments  of  calcium  carbide  imo  a  tall  gloss  cylinder  Riled  wilb 
saturated  chlorine  wnler,  when  the  liberated  acetylene  will  comliine  with  the  chlorine 
with  the  production  of  flame.  Gas-bubbles,  giving  out  li|,'hl,  rise  in  the  liquid  and 
when  they  reach  the  surface  bum  there  with  a  smoky  flanie.  Lithium  carbide, 
C,IJ,  (U.  ag,  R.2I0). 

Silver  Bcetylidc,  C,Ag,,  a  white  precipitate,  nnd  copper  acetylide,  C,Cii,  (B, 
'St  1097  ;  '^^1  R-  ^08 ;  37,  R.  466),  a  red  precipitate,  are  foimed  on  conducting 
acetylene  into  ammoniacal  silver  or  cuprous  solutions.  The  dry  salts  eipliide 
lioleiitly  when  they  are  heated.  The  silver  sail  even  does  this  when  gently  nibbed 
with  a  glnis  rod.  In  a  solution  of  silver  nitrate  acetylene  precipilales  the  compound 
lIC  =  CAg.Nn,Ag(li.  l8,2loS).  Pure  acetylene  is  set  free  by  acids  from  these 
metallic  compounds.  The  copper  salt  serves  for  the  detection  of  acelylene  in  n  mix- 
ture of  gases.  Mercury  acetylide,  C,Hg,  is  thrown  out  as  a  white  precipitate 
from  alkaline  solutions  of  mercuric  oiide.  It  explodes  violently  when  healed 
rapidly.  Acetylene  mercuric  cbloride,  C,(HgCI),,  is  precipitated  on  passing 
acelylenc  through  solutions  of  corrosive  sublimate.  It  is  not  explosive  (B,  37,  R. 
83.  466), 

Acetylene  Homologues. — The  diolefines  are  isomeric  with  the 
homologues  of  acetylene.  They  contain  a  like  number  of  carbon 
atoms,  e.g.,  allene,  —  CH,  =  C  ^  CH„  is  isomeric  with  methyl 
acetylene.  —  CH, .  C  =  CH,  allylene,  and  divinyl,  CH, ;  CH  .  CH  : 
CH„  with  dimethyl  acetylene,  CH, .  C  :    C  .  CH„  crotonylene. 

Its  higher  homologues,  just  like  acetylene,  are  mostly  prepared  from 
the  mono-halogen  and  dilialogen  substitution  products  of  the  defines, 
the  oUfine  dtbromides,  by  the  action  of  alcoholic  potash,  e.  g.,  from 
CH.CC1=CH, :  al/ylene ;  from  CH, .  CHBr .  CHBr .  CH, :  crotonylene, 
CH,C  =  C  .  CH,.  In  this  manner  a  host  of  higher  acetylene  homo-  ' 
logues  have  been  prepared  from  the  dibromides  of  the  higher  olefines  I 
(B.  25,  2243).  ! 

ViltcK  heated  to  a  high  temperature  wilb  alcoholic  potash  (he  acetylene  formed 
frequently  sustains  a  iransfoiitioK ;  thus,  ethyl  acetylene,  C,H,,C  =  CH.  yields 
diineUiyl  acetylene.  CH,,C=C.CH„  and  propyl  acetylene,  C:,H,.C  =  CH, 
furnishes  ethyl  mothyl  acetylene.  C,H, .  C  =  C  .  CH.,  etc.  (B.  ao.  R.  781).  Sym- 
metrically cooslitu  led  bodies  are  formed  ftora  onsym metrical  compounds. 

The  reverse  Iruusposilion  sometimes  occurs  oti  healing  with  nielallic  sodium ; 
ethyl  methyl  acetylene  passes  into  propyl  auetylene.  and  dimethyl  allene,  (CH,),C 
=  C  =  CH„  yields  i*opropyl  acetylene,  etc.  (B.  ai,  R-  177). 

Acetylenes  also  arise  in  the  electrolysis  of  imsaiuraied  dibasic  acids.  Thus  allyl- 
eni  is  formed  in  the  electrolysis  of  the  alkali  salts  of  roesaconic  and  citraconic  acids. 

Acetylene  and  its  homologues  unite  with  hydrogen  to  form  olefines, 
which  in  turn  pass  into  parafiins.  By  adding  the  haloid  acids  or  the 
halogens  the  mono-  and  dj-haloid  olefines  are  formed.     The  further 


I 
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addition  of  haloid  acids  and  halogens  to  these  yields  di-,  tri-,  and 
tetra-halogen  substitution  products  of  the  paraffins. 

Hypochlorous  acid  converts  the  alkines  into  dichlor-acetones,  e.  g.^  a-dichlor- 
propyl  methyl  ketone— CHjCH,CCI,. CO.  CH.  (B.  aSJl.  781)— and  water  are  obtained 
from  methyl  ethyl  acetylene  and  the  acid :  CjIIsC  =  C  .  CHj  -f  2CIOH.  Ketones 
are  formed  when  the  alkyl  acetyUnes  are  heated  with  water  to  325°  (B.  27,  R.  750 ; 
26,  R.  173). 

A  characteristic  of  all  mono-alkyl-acetylenes,  as  well  as  of  acetylene 
itself,  is  their  power  to  yield  solid  crystalline  compounds  by  the  action 
of  ammoniacal  solutions  of  silver  and  cuprous  salts.  Hydrochloric 
acid  will  again  liberate  the  acetylenes  from  these  salts.  The  behavior 
affords  a  very  convenient  method  for  separating  the  acetylenes  from 
other  gases,  as  well  as  for  obtaining  them  in  a  pure  condition. 

The  acetylenes  are  absorbed  by  concentrated  sulphuric  acid ;  some 
even  polymerize  to  aromatic  derivatives. 

In  the  presence  of  HgBr,  and  other  salts  of  mercury,  the  acetylenes  can  unite 
with  water.  In  this  way  we  get  from  acetylene,  aldehyde,  C^H^O,  from  allylene, 
CgH^,  acetone,  C-H^O,  from  yalerylene,  CjHg,  a  ketone,  CjHjqO  (B.  14,  1 540,  and 
17,  28).  Very  often  moderately  dilute  sulphuric  acid  will  act  in  the  same  way  (see 
Allylene). 

The  boiling  points  of  some  of  the  acetylenes  are  as  follows : 

B.  p. 

Allylene,  Methyl-acetylene  [Propine]  CHjC  =  CH  Gas 

Crotonylene,  Dimethyl  Acetylene  [2- Butine]  CH8C  =  CCH3  27-28° 

Ethyl  Acetylene  [3-Butine]  C,H5C  =  CH  18° 

Methyl  Ethyl  Acetylene  r3-Pentine]  C2H.C  =  CCH,  55-56° 

Norm.  Propyl  Acetylene  [4- Pentine J  n-CiH^CssCH  48-49° 

Isopropyl  Acetylene  [3-Methyl. I -Butine]  (CH5),CH  .  C  =  CH  28-29° 

Allylene  and  crotonylene  deserve  consideration,  because  when  brought  in  contact 
with  concentrated  sulphuric  acid  they  pass  into  symmetric  trimethyl  benzene  and 
hexamethyl  benzene. 

3CH3C  =  CH         ^CeH3[i,3,5l(CH3)3-Mesitylene. 

3CH3C  =  CCHj—    — >Cg(CH3)j — Hexamethyl  Benzene. 


3.     DIOLEFINES,   Qu^tn^i. 

The  diolefines  are  not  capable  of  forming  silver  and  copper  com- 
pounds. They  do  give  precipitates  with  mercuric  sulphate  and  chlo- 
ride in  aqueous  solution  (B.  21,  R.  185,  717;  24,  1692). 

The  "  Geneva  names**  for  the  diolefines  are  derived  by  inserting  a 
**di,**  for  the  number  of  double  linkages,  before  the  final  syllable 
**ene'* — e.  g.,  [propadiene]  for  symmetric  allylene. 

The  hydrocarbons  of  this  class  are  numerous.  Some  of  them  are  worthy  of  note 
because  of  their  genetic  relations.     They  are : 
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.  Allene,  iym.  altylene  [PropidiinO     CH,=G=CH,  Gu 

.    Diviojl.  Er>-threne  [I,  j-Butadifnr]  CH,=CH— CH=CH,  Gu 

Pyiroljiene 

.  Pipetylene  [ I,  4-Pcnl!idf*ne]  CH,=CH— CH,— CH=CH,  42" 

,  Isoprcne  CH,=CH— C(CH.)=CH,  I?)  is" 

5.  Diallriri.sHBx^ienrl  CH,=.CH -CH,-CH,-iH=CH,  59,1 

6,  Conylene  [I,  4.0ctadicne]     CH,---CH— CH,— CH^CH.CH,  CH,.CH,  136< 

:  hm  been  obliined  by  the  eleclro[ysii  of  polai! 


c  allylet 
(p.  76}. 

Divinyl,  Erythten 


I 
I 


r  Pyrralylene  is  found  m  compressed  illuminating  gas 
na  lencs  ns  me  itanmg-Qut  matetial  for  the  synthesis  ol  erythrol,  which  yields  it 
on  boiling  with  formic  acid.  It  is  called  pyrrolvlene  because  it  is  fonned  in  the 
brenkingdown  of  pyrrolidine  or  tetra-hydropyrrol  (see  this)  (B.  ig,  569). 

Piperylene  and  Conylene  are  formed  in  tbe  same  manner  from  pipcridine  (see 
this)  and  conitne  (see  tbis)  (B.  14,  665.  710). 

laoprene,  a  distilUtion  product  of  caoutcbouc,  is  closely  reiateii  to  (he  teipenes. 
It  is  called  a  htniiterfitnc.  and  by  spontaneous  poly meiiiol ion  passes  into  dipcnlenc 
■a  cinene.  and  (hen  back  into  caoutciiouc  (El.  25,  R.  644). 

Dialtyl  is  formed  from  allyl  iodide  by  means  of  sodium  (see  heiyl-erytbrol). 


OLSPtNACETYLENES. 


By  tbis  name  are  understood  the  hydrocarbons  c 
linked  pairs  of  carbon  atoms  in  llieir  mnlecules. 
none  dEserre  special  consideration. 


Many  of  them   ate  knc 


.    DlACETYLKWEa,   C„H,._ 


n  diacetylene  dicarbonin  acid,     ll 
jnmoniacal  silver  solution.      The 
Lyiene,  are  isomeric  with  benzene. 
1,.  V.  ;  1,11, 19  formed  on  warming  solid  ciystal- 
iin  KOH.    It  U  a  very  mobile  liquid,  of  penelrat- 


i 


Diaeetylene,  HC  ■  C.C  \  CH.is  formed 
is  a  gas  that  yields  a  yellow  precipitate  with  a 
two  hydrocarlioQS.  dipropargyl  and  dimethyl  di- 

Dipropargyl,  CH  ■  C.CH,.CH,.C J  CH, 
line  diallyllelrabromide,  C,Hi,Br(, 

ing  odor,  and  boiling  at  Sj",      It  (bnos  copper  and  silver  derivatives.      If  dipropargyl 
be  ailowed  to  stand,  it  becomes  reiincrus. 

Dimethyl  Di-acetylene,  CH,.C  =  C.C  =  C.CH,,hai  been  obtained  from  the 
copper  derivative  of  allytene,     It  melts  at  64°  and  boils  at  130°  (B.  ao,  K.  564). 


HALOGBN  DERIVATIVES  OF  THE  HYDROCARBONS. 

The  halogen  subslitulion  products  result  from  ihe  replacement  of 
hydrogen  in  the  hydrocarbons  by  the  halogens.  In  the  discussion  of 
the  methods  of  formation  and  the  transpositions  of  the  saturated  arj|i 
iinsatiiraied  aliphatic  hydrocarbons,  their  haloid  derivatives  were  con- 
stantly encountered.  We  have  also  learned  the  methods  of  producing 
these  alttylogens,  proceeding  from  the  hydrocarbons.     Tliey  are : 

(1)  Formation  by  the  direct  substitution  of  the  limit  hydrocarbotu.  It 
was  erophasiied  in  the  case  of  methane  (p.  82)  and  ethane  (p,  83) 
thai  these  hydrocarbons,  usually  so  very  stable,  were  aiiacked  by 
chlorine.     A  molecule  of  hydrogen  chluride  is  priniuced  for  every 
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hydrogen  atom  replaced  by  chlorine,  until  the  entire  hydrogen  con- 
tent is  substituted.  Methane,  CH^,  yields  tetra-  or  perchlormethane, 
CCI4,  while  ethane  gives  hexa-  or  perchlorethane,  C,C1,. 

The  action  of  chlorine  is  accelerated  by,  and  very  often  also  dependent  upon, 
direct  sunlight  or  the  presence  of  small  quantities  of  iodine.  It  is  the  ICl,,  which 
arises  in  the  latter  case,  that  facilitates  the  reaction.  SbCl^  also  plays  the  rflle  of  a 
chlorine  carrier,  since  upon  heating  it  yields  SbCl,  and  2Q.  In  very  energetic 
chlorination  the  carbon  chain  is  ruptured  (B.  8,  I296;  xo,  801). 

The  final  products  are  CCl^  and  hexa-  or  perchlorbcnzene,  CgCL,  with  perchlor- 
ethane, CjClg,  and  i.>erchlormesole,  C^Cl,,  as  intermediate  products  (B.  24,  loii). 

Heat  hastens  the  action  of  bromine.  Its  action  is  also  accelerated  by  sunlight  or 
with  AllJrj  as  a  carrier. 

Iron  is  an  excellent  carrier  of  chlorine,  bromine,  and  iodine.  Its  action  seems  to 
he  due  to  the  formation  and  decomposition  of  compounds  with  ferric  halides  (A. 
225,  196;  231,  158).  When  iron  is  used  as  a  bromine  carrier  every  normal  hydro- 
carbon passes  into  that  bromide,  which  contains  just  as  many  bromine  atoms  as  it 
has  carbon  atoms  ( B.  26,  2436) ;  a  bromine  atom  attaches  itself  to  each  carbon  atom. 

Usually  iodine  does  not  replace  well,  inasmuch  as  the  final  iodine  products  sustain 
reduction  through  the  hydriodic  acid  formed  simultaneously  with  them : 

CjH^I-f  HI  =  C,H8-f  I,. 

In  the  presence  of  substances  (like  HIOj  and  HgO)  capable  of  uniting  or  decom- 
)X)sing  HI,  iodine  frequently  effects  substitution  : 

SCjHg  -f  2I,  -f  IO3H  =  sCjH^I  4-  ^H,0 
2C3H«  -f  2I,  -h  HgO  =  2C,H,I  4-  H,0  -f  Hgl,. 

In  direct  substitution  a  mixture  of  mono-  and  poly-substitution  products  generally 
results,  and  these  are  separated  by  fractional  distillation  or  crystallization. 

(2)  The  unsaturated  aliphatic  hydrocarbons,  the  olefines  (p.  93) 
and  acetylenes  (p.  98)  add  hydrochloric,  hydrobromic,  and  especially 
hydriodic  acids.  The  haloid  acid  is  dissolved  in  glacial  acetic  acid 
(13.  II,  1 221),  or  it  is  applied  in  concentrated  aqueous  solution. 

(3)  The  free  halogens  are  absorbed  by  the  unsaturated  hydrocarbons 
with  more  avidity  than  the  haloid  acids  (p.  89). 

Two  additional  reactions  (already  indicated  in  the  preceding  re- 
marks as  existing)  proceed  from  oxygen-containing  aliphatic  deriva- 
tives to  halogen  substitution  products: 

(4)  Replacement  of  the  hydroxy  1  groups  of  the  alcohols  by  fluorine, 
chlorine,  bromine,  or  iodine  by  means  of  the  haloid  acids  or  by  means 
of  the  phosphorus  halides  (p.  116). 

(5)  By  the  action  of  phosphorus  pentachloride  and  phosphonis 
chlorbromide,  or  phosphorus  pentabromide  upon  aldehydes  and 
ketones. 

These  last  methods  of  formation  will  -be  more  thoroughly  discussed 
under  the  individual  groups  of  halogen  substitution  products. 

Transpositions  of  the  Halogen  Derivatives. — The  iodine 
derivatives  of  the  halogen  substitution  products  are  the  most  unstable. 
In  the  light  they  rapidly  acquire  a  red  color,  with  the  separation  of 
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iodine.     The  chlorides  and  bruiiiides,  rich  in  hydrogen,  burn  wilh  a 
green-edged  flame  (p.  34). 

(i)  Nascenl  hydrogen  (zinc  and  hydrochloric  acid  or  glacial  acetic 
acid,  sodium  amalgam  and  waier)  can  reconvert  all  the  halogen  deriv- 
atives, by  successive  removal  of  the  halogen  atoms,  into  the  corre- 
sponding hydrocarbons  (p.  83) : 


CHCl,  +  3H,  =  CHj  - 


jHCI, 


This  change  is  called  a  retrogressive  substitution. 

{2)  Alcoholic  sodium  and  potassium  hydroxides  occasion  the  s;_ 
ting  off  of  an  halogen   hydride,  and  the  production  of  unsaturated 
compounds  (p.  91): 

CH, .  CH, .  CHjBr  +  KOH  = 


III  tills 

ind  tdJDi 
•pplicwio 


gaction  the  Imlugea  stlracta  to  iuelf  liiE  bydrogen  of 
;nl  carbon  Worn  (compare  p.  93).     Such  a  jplitting  si 
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These  are  genetically  connected  by  reactions  to  the  alcohols,  which 
tre  almost  always  eraploved  in  their  preparation.     It  is  impossible  to 
I  obtain  raono-iodo-paraffins  by  direct  substitution.     On  comparing  the 
I  formulas  of  the  alkylogens  with  those  of  the  halogen  hydrides, 


HFl 


HCI 


C,HjFI         CjUjCl 


C,H.B 


HI 
C,H,l 


it  will  be  seen  that  they  can  be  regarded  as  haloid  acids,  in  which  the 
hydrogen  atoms  have  been  replaced  by  hydrocarbon  residues.  As  the 
latter,  together  with  the  water  residue,  constitute  the  monohydric  (mon- 
acid)  alcohols,  they  are  called  alcohol  radicals  or  allcyis.  Acids,  the 
hydrogen  of  which  is  replaceable  by  metals,  yield  acid  esters  when 
alcohol  radicals  are  substituted  for  that  hydrogen,  The  nionohatogen 
allcyis  are  therefore  discus.sed  as  haloid  esters,  at  the  head  of  the  acid 
esters  of  the  monacid  alcohols. 


J,    DIHALOGEN   PARAFFINS.  C.H„X^ 

(a)  Dihalogen  i>araffins,  where  two  halogen  atoms  are  attached  to 
[  two  different  carbon  atoms,  may  be  viewed  as  the  haloid  esters  of 
[  diacid  paraffin  alcohols  or  glycols.  They  can  be  derived  from  these 
I  and  will  be  considered  together  with  thetn  : 
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CHjCl                     CHj.OH                       .CJLBr  .CH,.OH 

I                              I                           CH,(  Ch/ 

CHXl                    CH,.OH                    ^CHjBr  ^CH,.OH 

Ethylene  Chloride.      Ethylene  Glycol.          Trimethylene  Trimethylene 

Bromide.  Glycol. 

(^)  Dihalogen  paraffins,  the  two  halogen  atoms  of  which  are  attached 
to  the  same  carbon  atom,  may  be  termed  aldehyde- haiides,  if  the 
carbon  atom  is  terminal,  and  ketone- haiides,  when  the  carbon  atom 
occupies  an  intermediate  position.  Indeed,  these  compounds  can  be 
obtained  from  the  aldehydes  and  ketones  by  means  of  phosphorus 
halides.  They  will,  therefore,  be  discussed  after  the  aldehydes  and 
the  ketones : 

CHCL  CHO  ^CH,  ^CH, 


CHj,  CH,  ^CH,  ^ 

Etbylidene  Chloride         Acetaldehyde.    Acetone  Chloride  Acetone 

Aldehyde  Chloride.  /3-Dichlor-propane. 


CH3 


It  must  be  remarked  here  that  the  unsymmetric  ethane  di halides — 
e.g.y  CHj .  CHCl,,  ethylidene  chloride — have  lower  boiling  points 
and  lower  specific  gravities  than  the  corresponding  symmetric  iso- 
merides, — ^.^.,  ethylene  chloride,  CHjCl  .  CH,C1. 


3.    PARAFFIN   POLYHALIDES. 

The  paraffin  polyhalides,  containing  but  one  halogen  atom  to  each 
carbon  atom,  will  be  discussed  after  the  corresponding  polyacid 
paraffin  alcohols. 

The  simplest  and  most  important  representatives  of  the  paraffin 
trihalides,  in  which  three  halogen  atoms  are  attached  to  the  same 
carbon  atom,  are  the  methane  trihalides : 

CHCl,  CHBr,  CHI, 

Chloroform.  Bromoform.  Iodoform. 

They  are  so  intimately  related  to  formic  acid  and  its  derivatives 
that  they  will  be  considered  after  this  acid. 

The  most  important  paraffin  tetrahalides  are  the  methane  tetrahalides. 
They  bear  the  same  relation  to  carbonic  acid  that  the  methane  tri- 
halides sustain  to  formic  acid.  They  will,  therefore,  be  treated  after 
carbonic  acid : 


CFl, 

CCl, 

CBr, 

CI, 

Methane 

Methane 

Methane 

Methane 

Tetrafluoride. 

Tetrachloride. 

Tetrabromide. 

Tetraiodide 

These  compounds  are  also  called  methane  perhalides,  to  indicate 
that  all  the  hydrogen  in  them  is  completely  replaced  by  halogens. 


Polyhalide  Elhanes.—T\\e  following  table  ci 
of  the  known  polychlor-  and  polybrorn-ethan 


Name. 

Focnuli. 

M.P. 

B.P. 

FotmuU 

M  P 

B.  F. 

Vinrl  Trichloiide 

/S-Tricblor-ethaoe 
Elhenrl  Trichloride 
a-TrUhlor  -c  thane 
Methyl  Odorofora^ 

CHCI, 

CH,a 

CC1. 
CH, 

114" 

74'5° 

CHBr, 
CH,B, 

— 

187-188" 

Symmetrical 
Acelylidene  Tetrachloride 

CHCI, 

CHa, 

CO. 

cH,a 

_ 

147" 

.29-130= 

CHBr, 
CHBr, 
CBr. 
CH,Br 

loa" 
-      (laiun.) 

_          105° 
(13.5-^) 

Penlachlor-elhane 

CHCI, 

- 

159° 

CBr, 
CHBr, 

Perchlur-etlione 

CCl. 
CCl, 

187" 

sublimes 

CBr, 
tBr. 

-      withSw'de- 

i 


For  the  relations  existing  belireeii  the  boiling  pointi  and  speci5c  volumes  of  the 
halogeo  iubatitution  products  of  the  ethanes,  see  B.  15,  2559.  As  to  Ihe  refiaclive 
pover  of  Ihe  brominatetl  ethanes,  see  Z.  pbys.  Cb.  3,  236. 


The  polychlor-  and  polybrom-e thanes  have  few  genetic  relationshijis 
with  the  oxygen  compounds  corresponding  to  them.  The  methods  of 
formation  and  the  transpositions  of  the  polysiibstituted  ethanes  are 
most  intimately  related  to  the  methods  of  formation  and  the  trans- 
positions of  the  halogen  substitution  products  of  the  ethylenes  and 
acetylenes,  a  tabular  view  of  which  will  be  given  in  the  following 

ition.     They  will,  therefore,  precede  the  discussion  of  the  latter. 


II  may  be  merely  meniioned  here  that  by  the  sclion  of  chlorine  upon  etliyl 
chloride  and  cthylidene  chloride  in  sunlight  melkyl-rhlora/orm  or  alricklortliaHe. 
CH,CClj,  will  be  produced,  tt^cther  with  vinyl  iHihhndt,  CH.Cl .  CHCI,.  The 
further  «ction  of  chlorine  upon  the  trichlorethiuies  produces:  CHjCl.CCl,,  CHCI,.  CCl,, 
perchlor-ethane,  CCl, .  CCI,.  CHCI, .  CHCI,  is  formed  from  acetylene  dichloride  and 
chlorine,  as  well  as  From  dichloraldehyde  by  means  of  phosphorus  pentachloride 
(B.  15,  2563).     Only  methyl  chlotoform,  CH,.  CQj.  related  to  acetic  acid  the  same 

as  chloroform  is  to  for ' 

of  (he  fatty  acids, 

Perchlar-etbane,  C,CI,,  is  a  crystalline  mass,  with  a  cam|)bor-likc  odor.     Its 
ipecific  gravity  equals  2.01.      It  melt:^  at  187-188°  (corr.j.     It  sublimes  at  the  ordi- 
nary pressure,  as  its  critical  pressure  ties  below  760  mm.     It  tmils  al  185.5"  under  a 
of  776,7  mm.     When  its  vapors  are  conducted  through  a  lube  heated  to 


I 


will  be  further  described,  together  with  the  chlorides 


I 
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redness  it  breaks  down  into  Cl^  and  perchlorethyUne.  It  yields  the  latter  compound 
when  it  is  treated  with  potassium  sulphide. 

a*  Tribromethane,  CH, .  CBr,,  has  not  yet  been  prepared. 

Acetylene  Tetrabromide,  CHBr, .  CHBr,,  is  obtained  from  acetylene  and 
bromine.  Zinc  dust  and  alcohol  convert  it  into  acetylene  dibromide  (A.  22x,  141), 
while  benzene  and  AlCl,  change  it  into  anthracene  (see  this.) 

Perbromethane^  C,Br^  is  a  colorless,  crystalline  compound,  dissolving  with  diffi- 
culty in  alcohol  and  ether.  It  breaks  down  at  200°  into  bromine  and  perbromethylene^ 
CjBr^. 

Five  structural  cases  are  possible  for  trisubstituted  propane.  The  most 
important  of  these  derivatives  have  the  structure  CHaX.CHX.CHaX, 
corresponding  to  glycerol,  CH,(OH)  .CH(OH).  CH,(OH).  They 
will  be  discussed  after  the  latter. 

Mixed  Halogen  Substitution  Products  of  the  Paraffins. — There  are  numerous 
paraffins  containing  different  halogens  side  by  side  in  the  same  molecule. 


B.     HALOGEN  DERIVATIVES  OF  THE  OLEFINES. 

As  a  general  thing,  the  halogen  substitution  products  of  the  unsat- 
urated hydrocarbons  cannot  be  prepared  by  direct  action  of  the  halo- 
gens, since  addition  products  are  apt  to  result  (p.  89).  They  are 
produced,  however,  by  the  moderated  action  of  alcoholic  potash, 
or  AgjO,  upon  the  disubstituted  hydrocarbons  CnHjnX,.  This  re- 
action occurs  very  readily  if  we  employ  the  addition  products  of 
the  olefin  es : 

CjH^Cl,  -h  KOH  =  CjH.Cl  4-  KCl  -f  H,0. 
Ethylene  Monochlor- 

Chloride.  ethylene. 

When  the  alcoholic  potash  acts  very  energetically,  the  hydrocarbons 
of  the  acetylene  series  are  formed  (p.  95).  Being  unsaturated  com- 
pounds they  unite  directly  with  the  halogens,  and  also  the  hydrides  of 
the  latter : 


CH, 

CHjBr 

II       + 

Br,= 

CHBr,  ' 

CHBr 

These  reactions  indicate  that  ethylene  is  the  starting- out  substance  for  the  prepa- 
ration of  nearly  all  the  halogen  substitution  products  of  the  ethanes  and  ethylenes, 
as  well  as  for  the  preparation  of  acetylene. 

The  following  diagram  represents  how,  by  the  addition  of  bromine  and  the  split- 
ting-off  of  hydrogen  bromide,  the  bromine  substitution  derivatives  of  the  ethanes 
are  connected  with  ethylene,  with  the  ethylene  bromine  derivatives,  and  with  acety- 
lene (A.  221,  156) : 
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CH=CH-^ 


—HBr 


CHBr  =  CHBr— 

M 
U 

OQ 
I 

CHBr,.CHBr,       i  X 


CH=CBr-^ 


+  HBr 
CH,=CH, ->  CHj.CHjBr 


—HBr        ^^ 
-CH,=CHBr-^ -CH,Br.CH,Br 

—HBr         "^ 
CH,=CBr,    -^ CHjBr.CHBr, 

—HBr     "^-^ 
CHBr=CBr,  < CHjBr.  CBr, 


—HBr     "  -^ 
CBr,=CBr,   <■ CHBr^XBr, 


^^r. 


9 


CBrj.CBr,. 


Vinyl  Chloride.  CH,  =  CHC1.  and  Vinyl  Bromide,  CH,  =  CHBr,  a^ 
obtained  from  ethylene  chloride  and  ethylene  bromide  by  the  action  of  alcoholic 
potash,  which,  by  continued  action  upon  them,  produces  acetylene.  The  group 
CH,  =  CH  —  is  called  viny/. 

The  boiling  points  of  the  chlorinated  and  brominated  ethylenes  are  given  in  the 
following  table : 


Formula. 


CH,  =  CHCl 
CHCl  =  CHCl 


Vinyl  Chloride,  Monochlor- 

ethylene, 

Acetylene  Bichloride,  sym. 

Dichlorethylene,  .... 
Acetylidene        Bichloride,  ! 

unsym.   Bichlorethylene,  '  CH,  =  CCL 
Trichlor  ethylene,   .    .    .    .  '  CHCl  =  CCl, 
Tetrachlor  ethylene,      Per- 

chlor-ethylene,      .... 
Tetra-iodo-  ethylene 

(B.  a6,R.  289;  29, 141 1 ), 


cci,  =  ca, 


—18° 

+55° 

+37° 
88« 

121° 


Formula. 


CH,  =  CHBr 

CHBr=:CHBr 

CH,  =  CBr, 
CHBr  =  CBr, 

CBr,  =  CBr, 

CI,  =  CI, 


B.  P. 


+  16° 
no® 

91° 

164° 

M.  P. 

53° 


187* 


Consult  A.  221,  156,  for  the  boiling  point  relations  of  the  brom-ethanes  and  brom- 
ethylenes.  The  unsymmetrical  compounds,  CH,  =  CHCl,  CH,  =  CH  Br,  CH,  :=  CCl, 
and  CH,=CBr,,  polymerize  quite  easily  (B.  12,  2076).  CH,=  CBr,  and  CHBr=CBr, 
yield  CH,Br.COBr,  brom-acetyl  bromide,  and  CHBr,  CO  Br,  dibrom-acetyl  bro- 
mide (B.  16,  2919 ;  21,  3356)  with  oxygen.  Ozonized  air  converts  perchlorethylene 
into  phosgene,  COCl,,  and  trichloracelyl  chhiride  (B.  27,  R.  509).  Consult  A.  235, 
150,  299,  for  the  action  of  AlCl,  on  polybrom-ethanes  and  ethylenes,  in  the  presence 
of  benzene. 

See  B.  a6,  R.  18,  19,  for  the  addition  of  iodine  to  acetylenes. 
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Three  iliffereni  : 


e  derived  from  piopylene,  CH, - 


(I)  The  a-derirmtiTci  are  obujned  from  ihe  propylldcne  compounda,  CH,. 
t  CKg.CilX,  (from  propyl  aldehyde),  when  the  latler  are  healed  wilh  slcohotic  polw- 

tiuta  hydroxide. 
I        (a)  The  d-derivaiives,  CH,.CX:CH„  are  prepared  in  pure  condilion  from  ibc 
t   bktogcD  compoands,  CH,.CX,,CH,  (p.  102),  deriied  from  acelooe. 

(3)  The  r-derivatives  of  propylene,  CH,X  —  CH  ^  CH„  are  des- 
ignated ^/fy/  huloiils,  because  ihey  correspond  to  allyl  alcohol, 
CH,:CH.CH,OH.     They  will  be  described  after  the  alkylogens. 

C.    HALOGEN  ACETYLENES. 

Atetytfni  Chl»ri.U,  C,HCI,  hai  been  obtained  from  dichlor-terylic  acid,  CCL  =; 
I  CH.CO,H,bylheaclioiiofbaiyla.  Il  is  anexptosiVE  gas  (A.  303,  SS;  B.  13,3783). 
J  Atttylmi  Bromii/r,  C,HBr,  obluned  from  Ihe  dibromidc  by  menus  a(  alcoholic 
r  potuh,  U  ■  gas.  iajlamiiig  in  air  contact. 

•  ActtyliHt  Jmiide,  C,lil,  11  formed  on   boitiag  palaasium  iodopropargylale  wilh 
iraler  {B.  iS.  J»74)- 
Atttylttu  Di  iadidt,  C,t,,  is  produced  when  iodine  acts  upon  silver  acetylide. 
'    It  laelts  with  decomposition  at  73°.     It  changes  laj^ely  to  ethylene  letraiodide 

(B.  19,  141*)  in  (he  lighl  or  ivhen  it  is  bested. 
1        The  halogeo  acetylene  derivatives  polymerize  more  easily  Ibiin  acetylene  itself. 
I   Tbe  products  are  in  part  beniene  derivatives;  monobrom- acetylene  yields  tribrom- 
I  beocenc. 

jCH  =  CBr  =  C,H,Br, :  3CH  E:  CI  =  C;H,I,  ;  3CI  =  CI  =C.I,- 

Ptrthhrmnoli.  C.Cl,  =  CC1,,C  =  C.CCl,  (?)  or  CCl,  =  CCl  — Ca=:Ca,(?l, 
may  be  mentioned  here.  It  frequently  appears  in  exhaustive  cbloriastioos.  it 
melts  at  39°  and  boils  at  284°  (B.  10,  Sc%ti  compare  B.  la,  1269). 


OXYGEN  DERIVATIVES  OF  THE  METHANE  HYDROCARBONS. 

We  became  acquainted  with  the  simplest  linkingsoTt lie  carbon  atoms 
in  studying  the  aliphatic  hydrocarbons  and  their  halogen  suljstitution 
products.  The  derivatives  next  in  order  are  the  oxygen  compouniis. 
They  furnish  further  cause  for  the  classification  of  the  carbon  com- 
jjounds.  We  may  consider  them  as  formed  from  the  aliphatic  hydro- 
carbons by  the  substitution  of  the  univalent  water  residue — the  hydroxyl 
group — OH,  for  hydrogen. 

But  one  or  several  hydroxyl  groups  attach  themselves  to  each  carbon 
atom.  In  the  first  instance  alcohols  result.  These  are  neutral  com- 
poimds,  closely  related  in  many  respects  to  water.  Alcohols,  accord- 
ing to  the  number  of  hydroxyl  groups  present  in  them,  are  classified 
as  mono-,  di-,  iri-,  and  poly-hydric,  Ijecause  in  the  alcohols  with  one 
hydroxyl  a  univalent  ratlical,  and  in  those  wilh  two  hydroxyls  a  biva- 
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lent  radical,  etc.,  is  in  union  with  the  water  residues.  Therefore,  the 
simplest  monohydric  alcohol  contains  one  carbon  atom,  the  simplest 
dihydric  alcohol  two  carbon  atoms,  etc.,  as  indicated  in  the  following 
arrangement : 


CH3 
CH, 

CH, 

I 
CH, 

CH3 

CH, 

I 
CH, 

CH, 

CH, 

CH, 

CH, 

CH, 

CH, 

CH, 

CH, 

CH, 

CH, 

CH, 

CH, 


CH3  .  OH     Methyl  Alcohol^  the  simplest  monohydric  alcohol. 
Ethylene  Glycol^  the  simplest  dihydric  alcohol. 


CH, .  OH 

I 
CH, .  OH 


CH, .  OH 

CH   .  OH     Glycerol^  the  simplest  trihydric  alcohol. 

I 
CH, .  OH 

CH, .  OH 

CH  .OH 

CH  .OH 


Erythrol^  simplest  tetrahydric  alcohol. 


CH, .  OH 
CH, .  OH 
CH  .OH 
CH   .OH     Arabite^  the  simplest  pentahydric  alcohol. 

CH  .OH 

I 
CH,.OH 

CH, .  OH 

I 
CH  .  OH 

CH  .  OH 

I  Mannitol^  the  simplest  hexahydric  alcohol. 

CH  .OH 

CH  .  OH 

CH, .  OH 


Or,  hydrogen  atoms  attached  to  the  same  carbon  atom  of  hydro- 
carbons are  replaced  by  — OH  groups.  In  such  cases  experience 
teaches  that,  with  rare  exceptions,  water  splits  off,  and  oxygen  unites 
itself  with  its  full  valence  to  carbon.  The  following  possibihties  then 
arise:  Two  hydroxyl  groups  replace  two  hydrogen  atoms  of  a  terminal 
CH,-group,  or  of  an  intermediate  CH,-group;  three  hydroxyl  groups 
replace  three  hydrogen  atoms  of  a  terminal  CHj-group;  water  then 
always  separates,  e>  g, : 
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yOH  ^^  /OH  ^^ 

J,  ^j.^"  ^  — ^  r"  i„.  V  >  — ^i„? 

CHj       CH3  CHj 

CH, 


CH3       CH,  C 

(3)CH,/cZoH\      -.H,0        C^^"    CH,    /C^OH\      -H,0  ^   C^^ 

Three  new  classes  of  oxygen  derivatives  are  formed  : 
(i)  Compounds  containing   the  group  — C^^  :  Aldehydes,     The 
group  — C^  is  called  the  aldehyde  group. 

(2)  Compounds  containing  the  group  =C=:0  in  union  with  two 
carbon  atoms :  Ketones,  The  group  =C0  is  known  as  the  keto-  or 
ketone  group.  /OH 

(3)  Compounds  containing  the  group — C^       :    Carboxylic  acids, 

C  =  O 
The  group  —  x^r  ^^  called  carboxyL     The  alcohols,  aldehydes,  and 

ketones  are  neutral  substances.  The  carboxylic  acids  are  pronounced 
acids.     They  form  salts  in  the  same  manner  as  the  mineral  acids. 

Aldehydes,  ketones,  and  carboxylic  acids  are  most  intimately  related 
to  the  men  acid  alcohols.  They  are  the  oxidation  products  of  alcohols, 
and  will  be  discussed  after  them.  Unsaturated  hydrocarbons,  in  like 
manner,  yield  unsaturated  alcohols,  aldehydes,  ketones,  and  carboxylic 
acids.  As  a  rule,  the  unsaturated  derivatives  will  receive  attention 
after  the  saturated  compounds  corresponding  to  them;  /.  <?.,  the  unsat- 
urated alcohols  will  follow  the  saturated  alcohols. 

Similarly,  an  almost  endless  series  of  oxidation  products  attaches 
itself  to  the  di-,  tri-,  and  poly-hydric  alcohols.  These  have  the  same 
oxygen-containing  atomic  groups,  as  the  monohydric  alcohols  and 
their  oxidation  products,  and  at  the  same  time  several  in  the  same 
molecule.  The  multiplicity  grows  rapidly.  It  will  be  seen  later  that 
nine  classes  of  oxidation  products  may  be  derived  from  the  dihydric 
alcohols  or  glycols. 

The  foregoing  development  of  the  connection  of  aldehydes,  ketones,  and  carb- 
oxylic acids  must  be  completed  with  methane.  Let  us  suppose  in  this  case  that  the 
four  hydrogen  atoms  are  replaced  by  hydroxyl  groups.  The  exit  of  two  molecules 
of  water  would  then  be  possible,  and  carbon  dioxide,  the  anhydride  of  two  acids 
not  capable  of  existence  (orthocarbonic  acid  and  ordinary  metacarl3onic  acid)  would 
be  obtained.     The  carbonates  are  derived  from  the  meta  acid. 

/H  /OH  .OH  ^ 

^<H  ^<OH  II  % 

^H  \OH  O  ^ 

Methane.  Orthocarbonic  Acid.      Metacarbonic  Acid.  Carbon  Dioxide. 
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The  carbonates  are  salts  of  a  dibasic  acid.  Therefore,  carbonic 
acid,  with  its  numerous  derivatives,  will  be  discussed  before  the  dicarb- 
oxylic  acids,  the  final  oxidation  products  of  the  diacid  alcohols  or 
glycols,  whose  simplest  representative  is  oxalic  acid. 


III.  THE  MONOHYDRIC  ALCOHOLS   AND   THEIR  OXIDATION 

PRODUCTS. 


I.    MONOHYDRIC  ALCOHOLS. 

The  monohydric  alcohols  contain  one  hydroxyl  group,  OH ;  bi- 
valent oxygen  links  the  univalent  alcohol  radical  to  hydrogen  : 
CH, .  O  .  H,  methyl  alcohol.  This  hydrogen  atom  is  characterized  by 
its  ability,  in  the  action  of  acids  upon  alcohol,  to  exchange  itself  for 
acid  residues,  forming  compound  ethers  or  esters^  corresponding  to  the 
salts  of  mineral  acids : 

CjHji .  OH  -h  NO, .  OH  =  CJL  .  O .  NO,  -f  H,0. 
Ethyl  Alcohol.  Ethyl  Nitrate  or 

Nitric  Ethyl  Ester. 

Alky  Is  and  metals  can  also  replace  the  hydrogen  in  alcohol : 


CjHj .  O .  CH, 

Ethyl-methyl  Ether. 


C^Hj .  ONa. 
Sodium  Ethylate. 


Structure  of  the  Monohydric  Alcohols. — The  possible  iso- 
meric alcohols  may  be  readily  derived  from  the  hydrocarbons.  There 
is  one  possible  structure  for  the  first  two  members  of  the  normal 
alcohols: 


CH, .  OH 

Methyl  Alcohol. 


CjHj .  OH. 
Ethyl  Alcohol. 


Two  isomerides  can  be  obtained  from  propane,  CjH,  = 

CH,: 

CH, .  CH, .  CH,  .  OH    and    CH,.  CH(OH) .  CH,. 
Propyl  Alcohol.  Isopropyl  Alcohol. 

Two  isomerides  correspond  to  the  formula  C4H,o  (p.  43)  : 

CH,.CH,.CH,.CH,    and    CH(CH,),. 
Normal  Butane.  Isobutane. 

Two  isomeric  alcohols  may  be  obtained  from  each  of  these  : 


CH, .  CHj 


f  CH, 
CH, 
CH, 


and 


OH 


CH, 
CH, 
CH. 
CH, 


/CH, 
OH       CHf-CH, .  OH 


\ 


CH, 


/CH, 

and  C(OH)^CH, 

\CH, 


Primary  Butyl        Secondary  Butyl      Prim.  Isobutyl 
Alcohol.  Alcohol.  Alcohol. 


Tert.  Isobutyl 
Alcohol. 


An  excellent  method  of  formulating  the  alcohols  was  introduced  by 


no 


ORGANIC.  CHEMISTRY. 


Kclbe  in  i860  (A.  1x3,  307  ;  132,  102).  He  regarded  all  alcohols  as 
derivatives  of  methyl  alcohol,  for  which  he  proposed  the  name  car- 
dinoif  and  compared  the  alcohols,  formed  by  the  replacement  of  hydro- 
gen, not  in  union  with  oxygen,  by  alcohol  radicals  with  the  primary, 
secondary,  and  tertiary  amines,  resulting  from  the  replacement  of 
the  hydrogen  in  ammonia  by  alcohol  radicals.  With  this  view  as  a 
basis,  Kolbe  predicted  the  existence  of  secondary  and  tertiary  alco- 
hols. Their  first  representative  was  discovered  shortly  afterward. 
By  the  replacement  of  one  hydrogen  atom  in  carbinol  by  alkyls(p.  57) 
the  primary  alcohols  result : 


s      CH 
OH  » •  ^^ 

Methyl  Carbinol,  or 
Ethyl  Alcohol. 


rc^H. 

H 

OH         "-"« 
Ethyl  Carbinol,  or 
Propyl  Alcohol. 


CH,. 


OH 


If  the  replacing  group  possesses  normal  structure,  the  primary  alco- 
hols are  said  to  be  normaL  In  alcohols  of  this  class  the  carbon  atom 
carrying  the  hydroxyl  group  has  two  additional  hydrogen  atoms  (they 
contain  the  group — CH, .OH).  Hence  compounds  of  this  variety 
may  very  easily  pass  into  aldehydes  (with  group  COH)and  acids  (with 
COOH  group)  on  oxidation  (see  p.  108) : 


CH, 
CH, .  OH 

Primary  Alcohol. 


yields 


CH, 


CH, 


<!:< 


and 


:oH 

Aldehyde. 


i 


OOH 
Acid. 


The  secondary  alcohols  result  when  two  hydrogen  atoms  in  carbinol, 
CH,  .OH,  are  replaced  by  alky  Is : 


CH, 
CH, 
H 
OH 


CH, 

CH.OH 

CH, 


S«5 
CM, 

H 

OH 


Dimethyl  Carbinol.  or 
Isopropyl  Alcohol. 


C,H3 
CH  .  OH 
CH, 


Ethyl-methyl  Carbinol,  or 


lyi-metny 
Isobutyl 


sobutyl  Alcohol. 


In  alcohols  of  this  class  the  carbon  atom  carrying  the  OH  group 
has  but  one  additional  hydrogen  atom.  (They  contain  the  group 
>  CH  .  OH.)  They  do  not  furnish  corresponding  aldehydes  and  acids. 
When  oxidized  they  pass  into  ketones  (p.  108)  : 


r  CH, 

CH, 
H   • 
OH 
Dimethyl  Carbinol. 


yields      C 


fCH,         CH, 
^CH,     =        >CO 
lo  CH, 


Acetone. 


When,  finally,  all  three  hydrogen  atoms  in  carbinol  are  replaced  by 
alkyls,  we  get  the  tertiary  alcohols^  containing  the  group  ^C ,  OH. 
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."'  =  fllj^-.OH     Trimelhyl  C*rbiBol. 


iary  alcohols  decompose  when  oxidized. 
The  secondary  and  tertiary  alcuhol'i,  in  distinction  from  the  primary 
e  alcohols,  are  designated  pseudo-alcohols. 


The  parallels  in  the  formulas  of  the  three  classes  of  alcohols  and  the 
three  classes  of  amines  (see  these)  are  very  evident  upon  studying  the 

following  general  formulas; 


I 


The  deportment  of  alcohols  on  oxidation  is  of  great  importance  in 
answering  the  question  as  to  whether  a  certain  alcohol  is  |irimary,  sec- 
ondary, or  tertiary  in  its  character.  What  has  already  been  submitted 
may  lie  summarized  thus: 

A  pn'maty 3.\qo\\o\  on  oxidation  yields  an  aldehyde,  which  passes  into 
an  acid  if  the  action  be  continued.  This  acid  contains  as  many  carbon 
atoms  in  its  molecule  as  the  patent  alcohol.  Oxidation  changes  a  sec- 
ondary alcohol  into  a  ketone,  having  an  equal  number  of  carbon  atoms 
in  its  molecule.  A  /cr/w^  alcohol  breaks  down  on  oxidation  into 
compounds  having  a  lower  carbon  content, 

The  basis  of  the  classification  of  the  next  section  is: 

The  momhydric  aUohoh  and  their  oxidalien  products : 


.1: 


Primary  Alcohol!  (_CH,.  OH)     (I*)  Seconduy  Alcohols  (=CH -OH) 
I  I        (ic)  Tenisry  Alcohols  (sC .  ( 


jd«(_C^J 


it)  AHAjdtn 

h)  Cwboxjiie  Acids  (-Ci" 


(ic)  Tenisry  / 
(3)  Ketones  {— CO)- 


:.OH). 


Four  classes  of  oxygen  derivatives  must,  therefore,  be  distinguished. 
"he  unsaturated  derivatives  attach  themselves  to  the  saturated  of  each 
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Formation  of  Alcohols.— -^w^/Vw  of  Reactions. — They  are  ob- 
tained from  bodies  containing  a  like  number  of  carbon  atoms: 
(i)  By  the  saponification  of  acid  esters. 

(2)  By  the  reduction  of  polyhydric  alcohols. 

(3)  By  the  action  of  nitrous  acid  upon  amines. 

(4)  By  the  reduction  of  their  oxidation  products. 
From  nucleus-syntheses  (p.  85) : 

(5)  By  the  action  of  zinc  alkyls,  or  zinc  alkyls  and  alkyl  iodides, 
upon  aldehydes,  acid  chlorides,  ketones,  formic  esters,  acetic  esters, 
and  chlorinated  ethers. 

(1^7)  From  Haloid  Esters  or  Aikylogens.—ll  was  mentioned,  in 
describing  the  transformations  of  the  alkylogens,  that  the  latter  afford  a 
means  of  passing  from  the  paraffins  and  defines  to  the  alcohols  (p.  loi). 
As  caustic  alkali  causes  the  separation  of  a  halogen  hydride  from  the 
alkylogens,  it  is  possible  to  exchange  hydroxyl  for  the  halogen,  espe- 
cially if  this  be  iodine.  This  is  most  easily  accomplished  by  the  action 
of  freshly  precipitated,  moist  silver  oxide,  or  by  heating  with  lead 
oxide  and  water : 

C,HJ  -f  AgOH  =  C^Hj.  OH  +  Agl. 

Even  water  alone  causes  a  partial  transposition  of  the  more  reactive  tertiary  alkyl 
iodides ;  whereas  the  other  alkylogens  in  general  when  heated  for  some  time  with 
10-15  volunies  of  water  to  100°  are  completely  converted  into  alcohols  (A.  x86,  390). 

Tertiary  alkyl  iodides  heated  to  loo®  with  methyl  alcohol  pass  into  methyl  alcohols 
and  methyl  iodide  (A.  220,  158). 

(i/')  By  the  Saponification  of  their  Esters. — It  is  often  more 
])racti(:al  to  first  convert  the  halogen  derivatives  into  acetic  acid  esters, 
l)y  heating  with  silver  or  potassium  acetate  : 

Cyi^Rr  -f  C,Hj,0  .  OK  =  C^IL  .  O  .  Q^\\f>  4-  KBr, 
rotasslum  Acetate.  Kthyl  Acetic  Ester. 

and  then  boil  these  with  j)otassiiim  or  s©dium  hydroxide,  and  obtain 
the  alcohols : 

c;,i  i^ .  0 .  c.HjO  4-  Kon  =  c^h^  .  011  +  c,ii,o .  ok. 

The  s(H'oiul  reaction  is  called  saponification ^  because  by  means  of  it  the  soaps, 
/.  <'. ,  the  alkali  salts  of  the  fatty  acids  and  glycerol  (see  this),  are  obtained  from  the 
glycerol  esters  of  the  fatty  acids — the  fats. 

{\c)  Hy  (loc()nijK)sing  the  acid  esters  of  sulphuric  acid  with  boiling 
water  : 

so,    [],/'*"5  f  11,0      CJI5.OH -f  SO,H,. 

Ethyl  Sulphuric  Acid. 

This  reaction  constitutes  the  transition  from  the  olefines  to  the 
alcohols,  as  these  esters  may  be  easily  obtained  by  directly  combining 
the  unsaturated  hydrocarbons  with  sulphuric  acid. 

Many  alkylens  (likeiso-  and  pseiido  butylene)  dissolve  at  once  in  dilute  nitric  acid, 
absorb  water,  and  yield  alcohols  (A.  180,  245). 
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(2)  Thi  reduilien  of  polykydnc  aUahah  by  bydriodic  acid  jrields  the  iodidei  of 
Econdxry  alcohols,  which  ire  converted  by  methods  \a  and  xb  into  the  ■Icoboli 
'wtaacUts.t.g.  : 

CH,OH            CH,  CH, 

I              HI       1       AuOH      i 
CHOH  h  cm ^  CHOH 

CHjOIl  CH,  CH, 

(ilycerol,         lnopropyl  Isontopyl 

Iodide.  AldDbQ]. 

kOTi  ihe  chloihydrins  of  ihe  palyhydric  alcohols  may  be  leduced.  t.  g.  : 


Elhylenc 


CH-OH 


CH,C1 
Cblorlnydrln. 
(3)  Aclian  of  nilroui  atid  upon  Iht  primary  amina: 

CjHjNH,  +  NO .  OH  =  C^ .  OH  +  N»  +  H,0. 


(4(j)  Primary  alcohols  result  from  the  reduction  of  aldehydes,  acid 

I  chlorides,  and  acid  anhydrides : 
C,Hj.COH+  «H  =  CH,,CH,.CH,.OH  (Warii.  A.  123.  140). 
Propyl  Aldihyde. 
CH,.  COCl  +  4II  =CH,.  CH,.OH  +  HCl. 
Acetyl  Cblntldi. 
I  chI"cO'"°  +  ^**  =  '^"'^s-'^^  +  '-^^''^*-"*"  ''■'""^"""'''   •'^-   MB.  249). 
I   Acellc  Aahydilde. 
AldehydM  are  first  fonned  in  the  reduction  of  acid  chlorides  and  anhydrides  ;  ihey 
^  turn  are  reduced  to  ilcohols.      The  reducing  ^ents  are  dilute  sulphuric  acid  or 
(Ketic  acid,  together  with  sodium  amalgam,  sodium,  iron  tilings,  and  zinc  dust  (B.  g, 
131a;    16.  17IS). 
This  is  the  last  of  those  reactions  by  which  an  alcohol  can  be  converted  into  an- 
other, Con  lain  IQg  an  atom  moreorcsFbon.   'I'he  alcohol  is  changed  through  the  iodide 
111  the  cyanide,  and  the  latter  to  the  acid,  which,  by  reduction  of  its  chloride  or  its 
aldehyde,  yields  the  new  alcohol : 


(4^)  The  reduelion  of  ketones  yields  secondary  alcohols  (Friedel,  A. 
:a4,  324),  together  with  pinacones  (see  these),  the  di-tertiary  dihydric 
Icobols  or  glycols ; 


ICH.-OH  — 
pH,.CH,OH 
L 
[ 


KCH.I 


■CH.CN  - 


-  CH,  .  COOH  - 


!-  CH.COC 


CO  +iH=CHOH; 
CH,  CH, 


2CO   + 
CH, 


jH  =  HO— C C-  01 

CH,       CH, 
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Nucleus-synthetic  Methods  of  Formation. 

(5a)  Acid  Chlorides  and  Zinc  A  Iky  Is  ;  Ketones^  Zinc  A  Iky  Is  and  A  O^- 
logens. — A  very  remarkable  synthetic  method,  proposed  by  Butlerow 
(1864),  which  led  to  the  discovery  of  the  tertiary  alcohols,  consists 
in  the  action  of  the  zinc  compounds  of  the  alkyls  upon  the  chlorides 
of  the  acid  radicals  (Z.  f.  Ch.,  1864,  385  ;  1865,  614). 

The  reaction  divides  itself  into  three  phases.  At  first  only  one  molecule  of  zinc 
alkyl  reacts,  and  adds  itself  to  the  acid  chloride  as  a  result  of  the  breaking  down 
of  the  double  linkage  between  the  carbon  and  oxygen  : 

o  rcH, 

(I)     CIL .  Q'(      +  Zn(CH,),  =  CH.C  J  O .  Zn .  CH,. 
^Cl  i  CI 

Acetyl  Chloride. 

By  decomposing  the  reaction- product  with  water,  acetone  is  formed.  However, 
should  a  second  molecule  of  the  zinc  alkyl  act  upon  the  new  compound,  further  reac- 
tion will  take  place  on  longer  standing: 

(2)     CIL.cJ  O.Zn.CH,  -|-  Zn  (CH,),  =  CH,.  C  J  O.in.  CH, -f  Zn|  9„ 
I  CI  y  CH,  ^  '^"»- 


If  now  water  be  permitted  to  take  part,  a  tertiary  alcohol  will  be  formed : 
(3)     CII3.C 


fCH,  rcH, 

0  .  Zn  .  CH,  -f  2H,0  =  CH3 .  C  ^  OH  -h  Zn(OH),  -|-  CH.. 
ICH,  ICH, 


If  in  the  second  stage  the  zinc  compound  of  another  radical  be  employed,  the  latter 
may  be  iiUro<luced,  and  in  this  manner  we  obtain  tertiary  alcohols  with  two  or  three 
different  alkyls  (A.  175,  374,  and  188, 1 10,  122). 

It  is  remarkable  that  only  zinc  methyl  and  ethyl  furnish  tertiary  alcohols,  while 
zinc  propyl  affords  only  those  of  the  secondary  type  (B.  16,  2284;  24,  R.  667). 

The  ketones  in  general  do  not  react  with  the  zinc  alkyls.  On  the  other  hand, 
diethyl-acetone,  (CjII^jjCO,  and  dipropyl  ketone,  (C3lI,)jC0,  are  converted  by  zinc 
and  methyl  (ethyl)  iodide  into  zinc  alkyl  compounds;  these,  under  the  influence  of 
water,  pass  into  tertiary  alcohols  (B.  ig,  60  ;  21,  R.  55).  We  get  unsaturated  tertiary 
alcohols  from  all  the  ketones  by  the  action  of  zinc  and  allyl  iodide  (A.  zg6,  1 13). 

(5/^)  When  zinc  alkyls  act  upon  aldehydes,  only  one  alkyl  group 
enters,  and  the  reaction  product  of  the  first  stage  yields  a  secondary 
alcohol  when  treated  with  water  (A.  213,  369;  and  B.  14,  2557): 

Aldehyde.  Methyl-ethyl  Carbinol. 

v4// aldehydes  (even  those  with  unsaturated  alkyls,  and  also  furfuran)  react  in  this 
way — but  only  with  zinc  methyl  and  zinc  ethyl,  while  with  the  higher  zinc  alkyls  the 
aldehydes  suffer  reduction  to  their  corresponding  alcohols  (B.  17,  R.  318).  With 
zinc  methyl  chloral  yields  trichlorisopropyl  alcohol,  CCI3  .  CH(OH)  .  CH, ;  whereas 
with  zinc  ethyl  it  is  only  reduced  to trichlorethyl  alcohol  (A.  223,  162). 

(5^)  Just  as  we  obtained  tertiary  alcohols  from  the  acid  radicals,  so 
can  we  derive  secondary  alcohols  from  the  esters  of  formic  acid.     Zinc 
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:  (or,  belter,  alkyl  iodides 


alkyls  are  allowed  to  react  in  this  cat 
zinc),  and  two  alkyls  are  introduced  : 

-O.Zd.CH,  .O.Zn.CH,  ,0H 

KHC^H, ^nc^cit, — *-nc— cn, 

».C,H,  ^O.C,H,  ^CH,  ^CH, 

Elbyl  Putinic  Eilcr.  Dinielliyl  Carbinol. 

Viiog  tome  olbeT  linc  alkyl  in  tbe  second  stage  o(  the  reaction,  or  by  working  with 
a  miduie  at  two  alkyl  iodides  and  zinc,  two  difTcrent  alkyU  rony  also  be  intti^uced 
here  (A.  175.  36a,  374). 

Zinc  and  allyl  iodide  (not  ethyl-iodide,  honever)  react  similarly  upon  acetic  acid 

I  esters.     Two  olkyl  groups  are  introduced  and  unulurated  tertiary  alcohols  fDrmed 
(A.  .85.  I7S)- 
Chlorinat«l  ethers,  /.  g..  QCH,  .  OCII,, 
.  Blcohob  (B.  84,  R.  S5S}; 


c  alkyU  yield  ethers  of  primary 


la .  CH,.  OCH,  +  Zn(C,Hj),  =  jC:,H,.  CEl, .  OCH.  - 


■  ZnCl,. 


In  addition  to  the  above  universal  methods,  alcohols  are  formed  by 
larious  other  reactions.  Their  formation  in  the  alcoholic  fermenta- 
tion of  sugars  in  the  presence  of  ferments  is  of  great  practical  import- 
ance. Appreciable  quantities  of  methyl  alcohol  are  produced  in  tic 
dry  distillation  of  wood.  Many  alcohols,  too,  exist  as  already 
formed  natural  products  in  comjKitinds,  chiefly  as  compound  ethere  of 
'  organic  acids. 


ConveTsion  of  PrlniaTy  into  Secondary  and  Tertiary  Alcohols.— By  ilie 
cUounalion  or  water  the  primary  alcohols  become  unsaturated  hydrocarbons  CdH^ 
(p.  91).  The  lutet,  treated  with  concealrnled  HI,  yield  iodides  of  secondary 
■Icobulic  radicaU.  as  iodine  iota  not  attach  itself  to  the  terminal  but  (o  the  less 
hydrogenized  carbon  atom  (p.  93].    Secondary  atcoboU  appear  when  these  iodides 


oxide.     The 


5  illusttaled  ii 


the 


CH, 


->  CH .  01 


I'^-C  ^  CH,  ->-^JJ'>CT— CH,  -*-^.J]'>C(OH ) .  CH, 

lobutyleni.  Teillary  Eulvl  Tertiary  Butyl 


Tbe  change  is  belter  elTected  by  (he  aid  of  sulphur 
(p.  93).  arising  from  (he  alkylens,  CbH,,,  bi 


with  the  lesil  number  ( 


Physical  Properties. — In  physical  properties  alcohols  exh 
gradation  corresponding  to  their  increase  in  molecular  weight. 
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is  true  of  other  bodies  belonging  to  homologous  series.  The  lower 
alcohols  are  mobile  liquids,  dissolving  readily  in  water,  and  possessing 
the  characteristic  alcohol  odor  and  burning  taste.  As  their  carbon 
content  increases,  their  solubility  in  water  grows  rapidly  less.  The 
normal  alcohols,  containing  from  one  to  sixteen  carbon  atoms,  are 
oils  at  the  ordinary  temperature,  while  the  higher  are  crystalline  solids, 
without  odor  or  taste.  They  resemble  the  fats.  Their  boiling  points 
increase  gradually  (with  similar  structure)  in  proportion  to  the  increase 
of  their  molecular  weights.  This  is  about  io°  for  the  difference,  CH,. 
The  primary  alcohols  boil  higher  than  the  isomeric  secondary,  and 
the  latter  higher  than  the  tertiary.  Here  we  observe  again  that  the 
boiling  points  are  lowered  with  the  accumulation  of  methyl  groups 
(see  p.  64).  The  boiling  points  can  be  calculated  with  approximate 
accuracy  from  the  alkyl  residues  present  (B.  20,  1948).  The  higher 
members  are  only  volatile  without  decomposition  under  diminished 
pressure. 

Chemical  Properties  and  Transpositions. — The  alcohols  are 
neutral  compounds.  In  many  respects  the  first  members  of  the  series 
resemble  water,  and  enter  into  combination  with  many  salts,  in  which 
they  play  the  rdle  of  water  of  crystallization  (p.  118). 
Some  of  their  more  important  transpositions  are — 
(i)  The  hydroxyl  hydrogen  is  easily  replaced  by  sodium,  potassium, 
and  other  metals,  yielding  thereby  the  akoholates, 

(2)  In  their  interaction  with  strong  acids  water  separates  and  com- 
pound  ethers  or  esters  are  produced.  This  reaction  is  analogous  to 
that  taking  place  in  the  formation  of  a  salt  from  a  basic  oxyhydrate 
and  an  acid.     The  alcohols  figure  as  the  base  (p.  132). 

(3)  The  haloid  esters  of  the  alcohols  are  produced  when  the 
alcohols  are  heated  together  with  the  haloid  acids.  These  esters  are 
the  monohalogen  derivatives  of  the  paraffins  (p.  loi).  A  more  con- 
venient method  for  their  formation  consists  in  heating  the  alcohols 
with  the  phosphorus  haloids. 

Nascent  hydrogen,  acting  upon  these  esters,  affords  a  means  of 
reconverting  the  alcohols  into  their  corresponding  hydrocarbons 
(p.  loi). 

(4)  Energetic  dehydrating  agents  change  the  alcohols,  especially 
those  of  the  tertiary  class,  into  the  defines  (p.  92). 

(5)  Heated  with  phenols  and  zinc  chloride,  they  yield  homologous  phenols  (see 

these). 

Reactions,  Distinguishing  Primary,  Secondary,  and  Ter- 
tiary Alcohols. — (i)  In  the  preliminary  description  of  the  alcohols 
it  was  clearly  shown  that  primary  alcohols,  upon  oxidation,  yield 
aldehydes  and  carboxylic  acids ;  that  the  secondary  alcohols  form 
ketones  with  like  carbon -con  tent  (p.  in),  and  that  the  tertiary 
alcohols  break  down. 

(2)  If  the  alcohols  be  converted  by  phosphorus  iodide  (p.  loo)  into  their  iodides, 
and  the  latter  are  changed  by  silver  nitrite  to  nitroalkyls  (see  these),  the  latter  com- 
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Htids  will  show  charBcterisUc  color  reictioDS,  according  as  tliey  conlaio  a  primary, 
scondBiy,  01  teitiot^  akoliol  radical. 

(3)  Acelic  eslers  are  lorrned  when  the  primary  aod  secoadary  alcoliols  are  heated 
bith  acetic  acid  to  155°  C.    The  lertiaij  ilcohuls,  under  similar  treatmeat,  split  off 

:r  and  fonn  aliiylenl  (A.  igo.  343;   197,193;  130,165). 

(4)  Wlien  ihe  primary  alcotinls  sue  heated  together  with  aoda-Iime  Ihey  yield  their 
)x>Dding  acids : 

R.CH,.OH  +  NaOH  =  R.CO.ONa4-  iH,, 
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-,0H. 


The  most  important  niembers  of  this  series,  and  of  the  monohydric 
alcohols  in  particular,  are  methyl  akohol  ni  wood  spirit,  CH,  .OH, 
and  ethyl  alcohol  or  spirits  of  wine :  CH. .  CH, .  OH. 

I.  Methyl  Alcohol,  WoodSpirit.  Carl.inol-\Methanol\Cn,.GW, 
differs  from  all  other  primary  alcohols  in  thai  it  contains  the  CHjOH 
group  in  union  with  hydrogen.  Hence  its  oxidation  is  not  restricted 
to  the  corresponding  monobasic  carboxylic  acid,  but  may  extend  to 

Lfbonicacid: 


ai 


(-OH  \   -H-O         J^ 


It  is  formed  in  large  amounts  in  the  dry  distillation  of  wood.     The 
ime  methyl,  derived  from  /i^tfo,  wine,  and  hl-^,  wood,  is  a  translation 
of  wood  spirit, 

Hiilory. — Boyle  discovered  wood  spiril  in  1661  among  the  dry  diitillalion  products 
of  wood.  In  iSiz  Taylor  rccggniicd  it  as  timilnr  to  spirits  of  wine,  but  considered 
it  an  entirely  different  body,  Duttaa  and  Pfiligol  (1831)  (A.  15,  1)  made  the  first 
careful  study  of  il. 

Methyl  alcohol  is  also  produced  in  the  dry  disiilbiion  of  molasses. 
Il  occurs  in  nature  as  methyl  salicylic  ester,  C,H,  |  f  iK??^*'''  winter- 
green  oil,  derived  from  Gaullheria  procumbens. 

The  full  synthesis  of  methyl  alcohol  proceeds  I'rum  carbon  disulphide 

t through  methane,  and  methyl  chloride,  by  action  of  aqueous  caustic 
potash  on  the  latter  at  100°  (Berthelol,  1S58,  A.  chim.  phys.  [3]  52, 
at  : 


cs,- 


-CH,CI   - 


-CH,.  OK. 

obile  liquid  with  spiritu- 
760  ram.  at  66-67°,  and 
lixes  with  water,  alcohol, 


Physical  Properties. — Methyl  alcohol  is  a 
IS  odor  and  burning  taste.     It  boils  und 
I  «t  20°  it  has  a  specific  gravity  of  o.  796.     It 
and  ether. 

The  aqueous  product  obtained  in  the  dislillalion  of  wood  a(  500"  in  iron  retorts  con- 
tuns  nicmjrl  alcohol,  acclooe,  acetic  acid,  methyl  acelic  esler,  and  other  compounds. 
~'"  is  distilled  over  burnt  lime  or  soda.     The  crude  wood  spirit  which  results  contains 
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acetone  as  its  chief  impurity.  To  remove  this  add  anhydrous  calcium  chloride.  The 
latter  combines  with  the  alcohol  to  a  crystalline  compound.  This  is  removed,  freed 
from  acetone  by  distillation,  and  afterward  decomposed  by  distilling  with  water.  Pure 
aqueous  methyl  alcohol  passes  over;  this  is  dehydrated  with  lime  or  potashes.  To  pro- 
cure it  perfectly  pure  it  is  only  necessary  to  break  up  oxalic  methyl  ester,  the  high- 
boiling  methyl  benzoate,  or  methyl  acetic  ester,  with  caustic  potash. 

To  detect  ethyl  in  methyl  alcohol,  heat  the  latter  with  concentrated  sulphuric  acid, 
when  acetylene  will  be  formed  from  the  first.  Under  this  treatment  methyl  alcohol 
becomes  methyl  ether.  The  amount  of  methyl  alcohol  in  wood  spirit  is  determined, 
quantitatively,  by  converting  it  into  methyl  iodide,  CH,I,  through  the  agency  of  PI, 
(B.  9,  1928).  We  estimate  the  quantity  of  acetone  by  the  iodoform  reaction  (B. 
13,  1000). 

Uses. — Wood  spirit  is  employed  as  a  source  of  heat.  It  is  also  used 
in  making  varnishes,  dimethylaniline,  and  for  the  methyiation  of  many 
carbon  derivatives,  particularly  the  dye-stuflfs.  It  is  a  good  solvent  for 
many  compounds  of  carbon. 

Chemical  Properties, — (i)  It  combines  directly  with  CaCl,,  to  form 
CaCl, .  4CH4O,  crystallizing  in  brilliant  six-sided  plates.  Barium  oxide 
dissolves  in  methyl  alcohol,  forming  the  crystalline  body  BaO .  2CH4O. 
The  alcohol  in  this  salt  conducts  itself  like  water  of  crystallization. 

(2)  Potassium  and  sodium  dissolve  in  anhydrous  alcohol,  to  form 
methylates,  e.  g. ,  CH,OK  and  CH, .  ONa. 

(3)  Oxidizing  agents  and  also  air,  in  presence  of  platinum  black, 
change  methyl  alcohol  to  formic  aldehyde,  formic  acid,  and  carbonic 
acid. 

(4)  Chlorine  and  bromine  do  not  act  so  readily  upon  methyl  as 
upon  ethyl  alcohol.  Chlorine  attacks  aqueous  methyl  alcohol  quite 
easily  (B.  28,  R.  771).  Dichlormethyl  ether,  (C1CH,),0,  is  first  pro- 
duced; water  converts  it  into  formaldehyde  and  hydrochloric  acid 
(B.  26,  268). 

(5)  When  methyl  alcohol  is  heated  with  soda-lime,  sodium  formate 
results  I 

CH3 .  OH  -f-  NaOH  =  CHO .  ONa  -f  2H,. 

(6)  When  the  alcohol  is  distilled  over  zinc  dust,  it  breaks  down  into 
carbon  monoxide  and  water. 

2.  Ethyl  Alcohol,  Spirits  of  Wine  [Ethanolf],  CHj .  OH.— In 
consequence  of  its  formation  in  the  spirituous  fermentation  of  sac- 
charine plant  juices,  alcohol,  in  impure  state,  was  known  to  the 
ancients.  It  was,  however,  only  in  the  preceding  century  that  the 
knowledge  of  how  it  might  be  obtained  in  an  anhydrous  condition 
was  acquired.     In  1808  Saussure  determined  its  constitution. 

Occurrence. — Ethyl  alcohol  seldom  occurs  in  the  vegetable  kingdom.  It  is  found, 
together  with  ethyl  butyrate,  in  the  unripe  seeds  of  Heracleum  giganteum  and  Hera- 
cleum  spondylium.  It  is  also  present  in  the  urine  of  diabetic  patients,  and  in  that 
of  healthy  men  after  excessive  consumption  of  alcoholic  beverages. 

Formation, — It  may  be  obtained  by  the  general  methods  previously 
described  for  primary  alcohols :  (i)  From  ethyl  chloride;  (2)  from 
ethyl  sulphate ;  (3)  from  ethylene  chlorhydrin ;  (4)  from  ethylamine ; 
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Its)  f^"™  "Wehjde  ;  and  (6)  from  acetyl  chloride.  The  synlliesis  of 
tetlivl  alcohol  is,  therefore,  possible  in  two  ways.  The  first  three 
ftiueihods  show  that  it  is  genetically  connected  with  acetylene,  ethylene, 
Rand  ethane,  while  the  last  two  methods  indicate  its  relation  to  acety- 
■■tene  and  acetic  acid  (p.  1 1») : 


aC+H 


C-f-iS 


Starting  with  Bcetylene.  the  m 

pLscetaldehyde.     Water  converts   il 

T  reduces  the  aldehfde  to  alcohol. 

If  tbe  acetylene  be  ehnoced  lo  ethylene,  then  various  possibilities  wise  for  ihe 
formation  of  ethyl  alcohol :  (t )  Ethylene  and  hydrogen  unite  to  form  ethane,  which 
chlorine  cbaoges  to  ethyl  chloride,  yielding  atcobol  wben  healed  with  water,  (l)  At 
160°  ethylene  unites  with  sulphuric  ncid,  forming  ethyl  sulphuric  acid,  which  boiling 
water  changes  to  ethyl  alcohol  and  sulphuric  acid,  ( j)  Ethylene  and  hypochlorous 
acid  yield  ethylene  chlorhydrin,  which  may  t>e  reduced  to  ethyl  alcohol. 

A  nucleus -synthesis  of  ethyl  alcohol  from  methyl  alcohol  is  possible  through 
Bcetaldehyde  Methyl  alcohol  can  be  synthesized  from  carbon  disulphide  (p.  117). 
I'boapborus  iodide  converts  the  methyl  alcohol  into  methyl  iodide,  and  this,  by  action 
of  pQta^ium  cyanide,  is  changed  into  methyl  cyanide.  Boiling  alkali  transforms  the 
laller  into  an  alkaline  acetate,  which  phosphorus  oxychloride  converls  into  acetyl 
chloride.  I'be  latler,  by  reduclion,  yields  ethy!  alcohol,  wilb  icelaldehyde  as  an 
inlennediste  product.     Acetildehyde  may  also  be  prepared  from  calcium  acetate  by 

I    beating  it  with  calcium  formate. 

I     /'reparation.— 'E.ihy]  alcohol  is  prepared  on  a  technical  scale  almost 
"exclusively  by  what  is  termed  the  "spirituous  fermentation"  of  sac- 
charine juices. 

Cagniird  Lalour,  in  1S36,  and  later  Schwann,  found  that  alcoholic  fermentation 

Wis  due  to  yeast  germs — an  orgioiied  fenncnt  (A.  ag,  too;  30,  250,  363  ;  A.  chim. 

I    pbys.  [j],  s8,  333)       [These  brake  dowo  the  various  sugars  inio  alcohol  and  cartun 
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dioxide.     Yeast  consists  of  microscopic  cells  (about  O.OI  mm.  in  size) :  satckaromyces 
cerevisia  seu  vini. 

Conditions  of  Alcoholic  Fermentation, — The  yeast  germs  increase  by 
budding.  This  takes  place  in  dilute,  warm  (5-30°)  sugar  solutions. 
It  is  most  rapid  at  20-30°  C.  The  growth  requires  salts,  especially 
phosphates,  and  albuminous  substances.  Oxygen  is  requisite  at  the 
commencement  (B.  29,  1983),  but  the  fermentation  proceeds  after- 
ward without  air  access.  If  the  quantity  of  alcohol  in  a  fermenting 
liquid  reaches  a  certain  amount,  the  fermentation  ceases.  The  yeast 
germs  can  not  grow  in  liquids  containing  14  per  cent,  of  alcohol. 
'Fhey  are  also  destroyed  by  a  temperature  of  60**,  and  by  small  quan- 
tities of  phenol,  salicylic  acid,  corrosive  sublimate,  and  other  disin- 
fectants. 

The  sugars  occurring  in  ripening  fruits — ^grapes,  apples,  cherries — 
and  in  cane  and  beet  sugars,  as  well  as  in  many  other  plants,  are  the 
carbohydrates y  which  contain  hydrogen  and  oxygen  together  with 
carbon  in  the  same  proportion  in  which  the  first  two  elements  are 
present  in  water.  The  carbohydrates  will  be  discussed  immediately 
after  the  hexahydric  alcohols:  C,H8(0H), — mannitoly  dulcitol,  sor- 
bitol, etc. ,  whose  first  oxidation  products  are  the  simple  carbohydrates, 
C«H,jOj.  However,  so  much  relating  to  the  carbohydrates  will  be 
given  at  this  time  as  appears  necessary  to  understand  alcoholic  fer- 
mentation. 

The  carbohydrates  may  be  arranged  into  three  principal  classes : 

1.  Glucoses  or  MonoseSy  QHuO^:  grai:)e  sugar,  fruit  sugar,  etc. 

2.  SaccharobioseSy  CijH„Oii :  malt  sugar,  cane  sugar,  milk  sugar, 
etc. 

3.  PolysaccharideSy  (C^HjoOs)  x :  starch,  dextrine,  etc. 

The  carbohydrates  of  the  second  and  third  classes  bear  the  relation 
of  anhydrides  to  the  sugars  of  the  first  group. 

The  simple  sugars  of  the  formula  CeHijO,  are  capable  of  direct 
alcoholic  fermentation.  This  is  particularly  true  of  grape  and  fruit 
sugar,  as  well  as  of  malt  sugar  among  the  saccharobioses.  Technic- 
ally, it  is  of  the  greatest  importance  that  the  not  directly  fermentable 
saccharobioses  and  the  polysaccharides  can  be  converted  by  water 
absorption  into  directly  fermentable  sugars,  and  these  then  be  fer- 
mented. 

Unorganized  Ferments  or  Enzymes, — The  breaking-down  of  saccharo- 
bioses and  polysaccharides  by  water  absorption  ijby  hydrolysis)  is 
induced  by  enzymes — albuminoid-like  compounds.  The  most  im- 
portant of  this  class  are  inveriin  and  diastase, 

Invertin  is  produced  in  the  yeast  germ.  It  is  soluble  in  water  and 
has  acquired  its  name  from  the  fact  that  it  is  capable  of  converting 
cane  su^^ar  into  equimolecular  quantities  of  grape  sugar  and  fruit  sugar 
— so  called  invert  sugar.  At  the  same  time  the  rotatory  power  of  the 
liquid  is  reversed — it  is  inverted.  Cane  sugar  is  dextro-rotatory. 
This  is  also  true  of  grape  sugar,  whereas  fruit  sugar  deviates  the  plane 


^H  of  polari 
^^   quantity 
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of  polarized  light  more  strongly  toward  the  left,  than  an  equivalent 
quantity  of  grape  sugar  turns  it  to  the  right.  Consequently,  inver- 
sion changes  a  dextro-rotatory  cane-sugar  solution  into  a  lavo-rotatory 
solution  of  invert  sugar  : 

r->- C,H,jO,  —  Grape  Sugar,  deitro-rotalmy  1      i„„fn 
?;■.-.:• 
. ,.  ->.C^H„0,— Fruit  Sag«r,lBvo-rot»tory       J  "■'»"">'- 

Diastase  is  an  unorganized  ferment,  produced  in  the  germination 
of  barley  and  other  grains.  The  germination  of  the  so-called  ^«b 
mall  is  itilerrupted  by  killing  the  germ  by  rapid  drying.  The  malt  is 
then  subjected  to  kiln-drying,  a  temperature  which  will  \\»\  influence 
the  activity  of  the  diastase.  At  50°  to  60'  the  diastase  in  malt  can 
hydrolyze  the  starch.  Two-thirds  of  the  latter  are  changed  to  malt 
sugar,  which  can  be  directly  fermented  by  yeast.  One-lhird  of  the 
starch  becomes  dextrine.  This  is  converted  much  more  slowly  by  the 
diastase  into  grape  sugar- 
Malt  sugar,  like  grape  sugar,  belongs  to  the  saccharobioses.  It 
absorbs  water  and  is  resolved  into  grape  sugar  Milk  sugar,  also  a 
saccharobiose,  absorbs  water  and  passes  into  a  mixture  of  equimolecu- 
lar  quantities  of  galactose  and  grape  sugar.  A  review  of  these  hydro- 
lytic  relations  is  shown  in  the  following  diagram  ; 

Carbokvdrates, 


'■■""SA"""" 

CuHaOu 

'''"(^';^,T«"'" 

r- 

Gr«pe  Sugar -^^ 

1 Mall  .Sugar  ■^~ 

Slarch 

Grape  Sugar  < 

Frail  Sugar  ^- 

Cane  Sugar 

Grape  Sugar  -f— 
Gal  BC  lose        -^ 

Milk  Sugar 

' 

■ 

Dexlrin* 

i 


The  hydrolysis  of  the  saccharobioses  and  of  starch  may  also  Ijc 
brought  about  by  warm,  dilute  sulphuric  acid.  This  treatment 
changes  the  starch  to  grape  sugar  and  dextrine.  In  technical  opera- 
tions the  preparation  of  saccharine  juices  from  starchy  comiwunds  for 
the  purpose  of  fermentation  is  executed  almost  exclusively  by  the 
diastase  of  malt. 
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Pasteur  considers  that  from  94  to  95  per  cent,  of  sugar  changes  to 
alcohol  and  carbonic  acid  according  to  the  equation  : 

C,H„0,  ^  2C,HgO  +  2CO,. 

Fusel  oily  some  glycerol [2-^  per  cent.)  and  succinic  acid {0,6  per  cent.) 
are  formed  simultaneously,  although  the  latter  two  appear  generally 
toward  the  end  of  the  fermentation  (B.  27,  R.  671).  The  fusel 
oil  contains  n  propyl  alcohol,  isopropyl  alcohol,  isobutyl  alcohol 
(c:H3)2CH  .  CHjOH,  and  csj^cially  amyl  alcohol  of  fermentation — a  mix- 

CII 
ture  of   isobutyl    carbinol,  (-j^*>CH.CII,.CH,OH,  and  optically  active 

methyl-ethyl-carbin-carbinol,  ^"» '  ch'>*CH  .  CII, . OH  (p.  128). 

Not  only  the  varieties  of  saccharomyces,  bnt  also  other  budding  fungi,  e,  g,^ 
Afucor  muredo,  induce  alcoholic  fermentation.  The  various  secondary  fermenfations 
occasioned  by  schizomycetes  are  remarkable.  It  appears  that  the  fusel  oil  is  produced 
by  them  in  ordinary  yeast  fermentations.  Alcoholic  fermentation  occurs  without  the 
agency  of  organisms  in  unimpaired  ripe  fruits  (grapes  and  cherries),  when  these  are 
exposed  for  a  period  in  an  atmosphere  of  carbon  dioxide. 

Alcoholic  Htiicrages. — The  material  used  in  the  preparation  of  alcoholic  liquids 
by  means  of  fermentation  are  : 

1 .  Saccharine  plant  juices. 

2.  S/arch-con/ainin^i^  substances^  seeds  of  grain  and  potatoes.  The  fermented 
liquids  are  directly  consumed  (wine,  deer)  or  they  are  first  distilled  in  order  to  pro- 
duce  the  various  kinds  of  brandy,  the  alcohol  content  of  which  may  exceed  50  per 
cent. : 

(i)  By  the  fermentation  of  saccharine  juices  we  obtain : 

(d)  7vithout  subse(|uent  distillation  :  |  (^)  with  subsequent  distillation : 

From  grapes :   wine.  I  From  wine :  cognac. 

**     apples:  cider.  i  •*     molasses:  rum. 

••     .St.  John's  berries:  wine, etc.  **     cherries:  cherry  water. 

**     prunes:     sliwowitz     (Bohe- 
mia), etc. 

(2)  By  the  fermentation  of  starch-containing  substances,  after  converting  the  starch 

into  sugar  with  malt : 

{a)  without  subse(|ucnt  distillation  :  '   (b)  with  subsequent  distillation : 


Barley :  beer. 

Wheat :  weiss-beer  (Berlin). 


I 


Barley  and  rye,  wheat  or  oats,  and 
maize :  corn  whiskey  of  various 
kinds. 

Rice :  arrac  (East  India). 
I  Potatoes :  potato  spirit. 

Manufacture  of  Potato  Sf^it* — Pure  ethyl  alcohol  is  obtained  from  potato  spirit. 
At  first  the  potatoes  are  heated  with  steam  to  140-150°  C.  under  a  pressure  of  from 
2-3  atmospheres.  I'he  lower  part  of  the  apparatus  is  now  opened  and  the  potato 
mash  prcsned  out  and  digested  at  57-60°  in  a  mashing  apparatus  with  finely  divided 
malt  containing  water.  In  this  manner  the  starch  of  the  potatoes  is  converted  into 
sugar.  When  the  mash  has  cooled  to  the  temperature  of  fermentation  it  is  ran  into 
the  fermentation-tubs,  where  it  comes  in  contact  with  ''pure  culture"  artificial  yeast, 
and  is  then  fermented.  Crude  spirit  results  from  the  distillation  of  the  fermented 
mash.     What  remains  is  the  vinasse. 


*  Ferd.  Fischer:  Hdb.  d.  chem.  Technologic,  14.  Aufl.,  1S93,  S.  948. 
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MattHfufturt  ef  PurttAhelHtf  AliBhel — To  further  piirLfy  ihc  crude  spml  il  ii 
fraclioiiated  on  >  large  scale  in  ihe  column  ipparatui  uf  Satslle,  Fislurius,  llges.* 
The  firat  portion!,  more  readily  volatile,  conlain  aldehyde,  acctal,  and  other  sub* 
stances.  A  purer  spirit  (containing  95-96  per  cent,  of  ilcobol)  follows,  and  in  com- 
merce is  known  as  sprit.  Finally  come  the  lai/itigs,  in  which  are  the  fusel  oils.  To 
remove  tbe  latter,  Ihe  spirit  is  diluted  with  walrr  and  Rllereil  through  ignited  wood- 
charcoal,  which  retains  ihe  fusel  oils,  and  is  then  distilled. 

To  prepare  anhydioiis  alcohol,  the  reclilied  spirit  (90-95  per  cent,  alcohol)  is  dis- 
lilled  with  ignited  potashes,  anhydrous  copper  sulphate,  caustic  lime  (A.  t6o,  249], 
or  barium  onide. 

Dcliilitin  0/  U'a/er  in  Akohul,  —Absolute  alcohol  dissolves  barium  oijde,  assuming 
a  yellow  color  at  the  same  time.  It  is  soluble  without  turbidity  in  a  little  bcniene  ; 
when  more  than  three  per  cent,  waier  is  present,  cloudiness  ensues.  On  adding 
anhydrous  or  absolute  alcohol  10  a  mixture  of  verj  little  anthraquiaoue  aod  some 
sodium  amalgam  it  becomes  dark  green  in  color,  hut  in  the  presence  of  traces  of 
water  a  red  coloration  appears  (B.  10,  927). 

DtttsHim  ef  Alcohol. — Traces  of  alcohol  in  solutions  ore  detected  and  determined 
either  liy  oxidation  lo  aldehyde  (see  this)  or  by  converting  it  by  means  of  dilute  pot- 
ash and  iodine  imo  iodoform  (B.  13,  1007). 

Its  conversion  JDta  ethyl  benzoale,  by  shaking  with  benzoyl  chloride  and  sodium 
bydronide  (B.  ig,  321S1  11,  2744)  also  answers  for  this  purpose. 

Properties. — Absolutely  pure  alcohol  is  a  mobile,  colories.s  liquid 
with  an  agreeable  ethereal  odor,  boils  at  78.3°  (760  mm.),  and  has  a 
specific  gravity  of  0.80625  at  0°,  or  0.78945  at  20".  At — 90°  it  is  a 
thick  liquid,  al — 130°  it  solidifies  to  a  white  ma-ss.  It  burns  with  a 
non-lutninous  flame  and  absorbs  water  energetically  from  the  air. 
When  mixed  with  water  a  cotitraction  occurs,  accompanied  by  rise  of 
lem[)eratiire ;  the  maximum  is  reached  when  one  molecule  of  alcohol 
is  mixed  with  three  molecules  of  water,  corresponding  to  the  formula 
C,H,0  -f-3H,0.  The  amount  of  alcohol  in  aqueous  solutions  is  given 
either  in  per  cents,  by  weight  (degrees  according  to  Richter)  or  vol- 
ume per  cents,  (degrees  according  10  Tralles).  It  may  be  determined 
by  an  alcoholometer,  the  scale  of  which  gives  directly  the  per  cent,  by 
weight  or  volume  for  a  definite  temperature  {15°  C).  Or  the  vapor 
tension  is  ascertained  by  means  of  the  vaporimetcr  of  Geisslcr,  or  the 


boiling  point 
The  alcohol  ci 

then  estimated.! 
Alcohol  dissoh 

resins,  fatty  acids, 


led  with  the  ebuUiouope. 

of  spirituous  drinks  is  first  distilled  off  and 


s  many  mineral  salts,  the  alkalies,  hydrocartions, 
tnd  almost  all  the  carbon  derivatives.    The  most  of 
the  gases  are  more  readily  soluble  in  it  than  in  water ;  100  volumes  of 
alcohol  dissolve  7  volumes  of  hydrogen,  25  volumes  of  oxygen,  and  16 
L  volumes  of  nitrogen. 

Ethyl  alcohol  forms  crystalline  compounds  with  some  salts,  like  cal- 


•  Ferd.  Fischer:  Hdb.  d,  chem.  Technologic,  14.  Aufl,,  1893,  S.  959. 
t  Post:  Cheroisch-tecbnische  Analyse,  Braunschweig.  1S81 ;  Bflckmano,  Oiem.-tech. 
jiitersuchungsmethoden,   Berlin,    1888;    KOnig:  Chemie   der  menschlicheu   Nah- 
ngs  und  Genussmiltel,  1^93;  Eisner:  Die  Praxis des  Chemiker^  hei  Unlersuchung 
n  Nahmngtmiitcln.  etc..  1893, 
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cium  chloride  and  magnesium  chloride.     It  plays  the  r61e  of  water 
of  crystallization  in  them. 

Transpositions — Potassium  and  sodium  dissolve  in  it,  yielding  the 
alcoholates. 

With  sulphuric  acid  it  yields  ethyl  sulphuric  acid,  and  with  sulphuric 
anhydride,  carbyl  sulphate  (p.  91).  Phosphorus  bromide  and  iodide 
change  it  into  ethyl  bromide  and  ethyl  iodide.  Being  a  primary  alco- 
hol, such  oxidants  as  manganese  peroxide  and  sulphuric  acid,  chromic 
acid,  platinum  black,  and  air  change  it  to  acetaldehyde  and  acetic 
acid  (p.  in).  Chlorine  and  bromine  oxidize  alcohol  to  acetaldehyde, 
which  unites  to  <?r^/dr/with  the  alcohol.  Chloral-  and  bromal-alcohol- 
ates  are  derived  from  acetal.  Bleaching  lime  changes  alcohol  to  chlo- 
roform, and  iodine  and  caustic  potash  convert  it  into  iodoform.  Nitric 
acid,  free  from  nitrous  acid,  changes  alcohol  into  ethyl  nitrate  (see 
this).  Under  certain  conditions  alcohol  can  be  so  oxidized  by  nitric 
acid  that,  besides  attacking  the  CH, .OH  group,  the  methyl-group 
may  be  changed  with  the  resulting  formation  of  glyoxal,  glycollic 
acid,  glyoxalic  acid,  and  oxalic  acid  : 


CIL.OH  CHO  CO,H  CO,H  CO,H 

CII,  CHO  CILOH  CHO  CO,H 

^ 

Ethyl  Alcohol.  Glyoxal.  Glycollic  Acid.    Glyoxalic  Acid.  Oxalic  Acid. 

Kulminating  mercury  (see  this)  is  produced  when  alcohol  acts  upon  mercury  and  an 
excess  of  nitric  acid. 

Alcoholates. — Sodium  ethylate  is  the  most  important  alcoholate,  as  it  has  been  ap- 
plied in  a  series  of  nucleus-synthetic  reactions.  It  affords  a  means  of  splitting  off 
water  and  alcoliol.  It  may  be  made  by  dissolving  sodium  in  alcohol,  then  heating  it 
to  200°  C  in  an  atmosphere  of  liydrogcn  to  free  it  from  alcohol.  It  is  a  white,  volu- 
minous powder  (A.  202,294;  B.  22,  loio).  Or  a  calculated  quantity  of  metallic 
sodium  is  added  to  toluene  or  xylene  containing  alcohol,  and  the  whole  heated  with 
a  return  cooler  until  the  sodium  has  entirely  disappeared  (B.  24,  649).  An  excess 
of  water  chancjes  the  alcoholates  to  alcohol  and  soiiium  hydroxide.  The  transposi- 
tion is  very  slight  with  a  small  amount  of  water.  Hence  the  alcoholates  result  on  dis- 
solving KOH  and  NaOH  in  strong  alcohol.  Sodium  peroxide  converts  alcohol  into 
sodium  alcoholate  and  natryl  hydroxide,  NaO  .OH  (B.  27,  2299). 

Calcium  KthvlatCy  Ca(0C2H.)j,  is  formed  by  the  decomposition  of  calcium  carbide 
by  alcohol  (15.  '28,  R.  61). 

Aluminiufn  Ethylate^  Al(OC,Hj)3,  is  rather  interesting,  in  that  it  volatilizes  with- 
out decomposition  under  much  reduced  pressure. 

Suhstitutcd  Kthyl  Alcohols  : 

1.  CH.,Cl .  CII.,OH  Glycol  Chlorhydrin  (Bromhydrin,  Io<lhydrin). 

2.  CHClj.  CH^OH  Dichlorethyl  Alcohol,  liquid  with  B.  P  146° (B.  20,  R.  363). 

3.  CCI3.  CH2OH  Trichlorethyl  Alcohol,  melts  at  18°;  Iwilsat  I5I°(A.  210,63). 

4.  CH.,NO.^ .  CHjOH  Nitroethvl  Alcohol. 

i  ^u^  •  rViVv V/  V?u  ^ u '^i^'riv""^       •     I  Amidoethyl  Alcohols. 
6.  CH3.  CH(NH2)OH    Aldehyde  Ammonia,  j  ^ 

The  compounds  I,  2,  and  5  will  be  taken  up  together  with  ethylene  glycol,  and  6 
with  acetaldehyde.  Di-  and  trichlorethyl  alcohols  have  been  prepared  by  the  interaction 
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nf  line  eUiiile  and  di-  and  crichloraceuldchyde  (p.  114),  while  itichlortthy!  alcohol 
it  formed  from  nrochloralic  acid  (sec  iliis).  The  connection  between  the  chlorinated 
«lh)')  alcohols  and  their  aiygen  compouDds,  whose  chlorides  they  toay  be  auumed  to 
be,  ii  seen  in  the  following  tabulation  : 

MonofhIorelhjlAlcohol,CH,a.CH,OH.corresponditoCn,.  OH. CH-OH— Glycol. 
Dicblorethyl   Alcohol,  CHCI, .  CH,OH,   corresponds  10   CHO .  CH-OH— Glycol yl 

Aldehyde. 
Trichlorelhyl  Alcohol,CCl, .  CH,OH. corresponds  lo  COOII .  CH,OH-Gly collie  Acid. 

3.  Propyl  Alcohols  [J'rafiano/s],  C,H,.OH.— As  explained  in 
tlie  introduction  to  the  monohydric  alcohols,  two  isomeric  propyl 
alcohols  are  theoretically  possible :  normal  propyl  alcohol  and  second- 
ary isopropyl  alcohol.  Their  constitution  is  evident  from  their 
methods  of  formation  and  theiriranspositions  (p.  115)- 

Normal  propyl  alcohol,  CH, .  CH, . CH, . OH,  bolls  at  97.4";  sp. 
gr.,  0.8044  at  20". 

Isopropyl  alcohol,  CH,.  CH[.OH)— CH„  boils  at  81.7°;  sp.  gr., 
o  7887  at  ao". 

Normal  Propyl  Alcohol  may  be  obtained  from  fusel  oil  {Chan- 
cel, 1853)  by  fractional  distillation.  It  is  an  agreeable-smelling  liquid, 
It  is  miscible  in  every  proportion  with  water,  but  is  insoluble  in  a 
saturated,  cold  calcium  chloride  solution,  and  this  distinguishes  it 
from  ethyl  alcohol.  It  may  be  artihcially  prepared  from  propyl  alde- 
hyde ancl  by  action  of  nascent  hydrogen. 

:  aldehyde  and  propionic  acid,  nnder  the  influence  of  exi- 
ted wilh  H,SO,  It  yieida  propylene,  which  hydrogen  iodide 
cnanges  to  isopropyl  iodide.  From  this  isopropyl  alcohol  tnay  be  prepared  (p.  115). 
Th«  latter  alcohol  can  also  be  dcHved  bjr  reduction  from  acetone,  its  niidaiion 
product- 
Secondary  or  Isopropyl  Alcohol,  dimethyl  carbinol,  was  pre 
pared  in  1855  ^>'  Bertkelot  from  propjlene  and  sulphuric  acid  (p.  1 13'), 
and  in  i86a  by  Fricdel,  from  acetone.  Kolbe  (Z.  Ch.,  1862,  687) 
recognized  in  isopropyl  alcohol  the  first  representative  of  the  class  of 
secondary  alcohols  predicted  by  him  (p.  no), 

It  may  be  olitained  from  propylene  onide,  ' '  ^„  >0,  by  reduction,  and  from 
formic  eiter  by  the  aid  of  line  and  methyl  iodide.     Its  fonaalion  (looi  normBt  propyl. 


I 


■mine  by  the  action  of 

and  propylene  are  produced  at  t 

The  most  practical  method  of  obiai 
water  and  freshly  prepared  lead  bydrot 
denser,  or  simply  by  healing  the  iodide 
186,  391).  Oiidation  changes  it  to  nc 
chloracetone  (see  this). 

TrichloriBopropyl  Alcohol,  ^^''>CH.  Oil,  is 
methyl  on  chloral  (p.  115),     It  is  crystalline,  fuses  a 


acid  is  rather  interesting.     Primary  propyl  alcohol 
be  aame  linie. 


ng  it  is  to  boil  the  iodide  with  1 
:  in  a  vessel  connected  with  u 
ith  twenty  volumes  of  water  t 
)ne,  while  chlorine  converts  it 


49°,  and  boils  about  155'  (A. 
I    theory    four    isomerides   are 
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/ 

Formula. 

M.  P. 

B.  P. 

Sp.  Gr. 

CH,(CH,),CH,OH 
(CHj),  CH.CHjOH 

^"»-^|]|»>CH.OH 

(CH,),C.OH 

Liquid 
<< 

25« 

ii6.8«» 

108.4** 

990 

83" 

0.8099  at  20° 
0.8020  at  20<* 

0.827  at  o*» 

0.7788  at  30*' 

Name. 

1.  Normal  Butyl  Alcohol, 

2.  Isobutyl  xMcohol,     .    . 

3.  Secondary  Butyl  Alco- 

hol  

4.  Tertiary  Butyl  Alcohol, 


Normal  Butyl  Acohol,  normal  propyl  carbinol  [l-Butanol],  forms  in  the  action 
of  sodium  amalgam  upon  normal  butyl  aldehyde  (Method,  4a,  p.  II3).  It  is  farther 
produced  by  a  peculiar  fermentation  of  glycerol,  brought  about  in  the  presence  of 
a  schizomycetes  (B.  x6,  1438;  29,  R.  72). 

Trichlorbutyl  Alcohol,  CHj  .  CHCl .  CCl, .  CH, .  OH,  results  when  zinc  ethyl 
and  butyl  chloral  (p.  114)  are  brought  together,  and  is  also  obtained  from  urobutyl- 
chloralic  acid.     It  fuses  at  62®,  and  boils  under  45  mm.  pressure  at  120°  (A.  213, 

372). 

Methyl -ethyl  Carbinol,  secondary  butyl  alcohoi^  butylene  hydrate,  [2-Buta> 
nol],  is  a  strongly-smelling  liquid.  It  is  obtained  from  normal  butyl  alcohol  by  its 
transposition  into  butylene, — with  the  splitting-off  of  water, — the  addition  of  hydro- 
gen iodide,  and  6nally  the  saponification  of  the  iodide  (p.  1 15).  The  same  iodide 
is  formed  on  heating  erythrite  with  hydriodic  acid.  Heated  to  240^-250",  it  decomposes 
into  water  and  y3-butylene,  CHj .  CH  :  CH  .  CH,. 

The  genetic  relations  existing  between  the  normal  primary  and  secondary  butyl 
alcohols,  as  well  as  between  a- butylene  and  /j- butylene,  are  shown  in  the  following 
arrangement : 


enroll 

I 

I 
CH, 

CIL 


CH, 


-> 


CH, 

I 
CH, 


CH, 
CHI 

CH, 

I 
CH3 


CH, 

CHOH 

CH, 


CH3 


CH, 
iH 

CH, 


Isobutyl  Alcohol,  isopropyl  carbinol y  butyl  alcohol  of  fermen- 
tation [methyl  2-propanol-i],  occurs  in  several  fusel  oils  and  espe- 
cially in  the  spirit  from  potatoes.  It  is  a  liquid  possessing  a  fusel-oil 
odor.  It  may  be  readily  changed  to  isobutylene  (CH,),C  =  CH„ 
from  which,  by  the  addition  of  halogen  hydrides,  derivatives  of  ter- 
tiary butyl  alcohol  are  obtained  (p.  94).  For  the  action  of  chlorine 
uj^on  isobutyl  alcohol  see  B.  27,  R.  507  ;  29,  R.  992. 

Trimethyl  Carbinol,  tertiary  butyl  alcohol  [Dimethyl  Ethanol],  was  prepared 
by  Hutlerow  (1863)  (A.  144,  i)  by  the  action  of  acetyl  chloride  upon  zinc  methyl 
(p.  114). 

It  was  the  first  representative  of  the  class  of  tertiary  alcohols  predicted  by  Kolbe. 

Tiie  oxidation  of  tertiary  butyl  alcohol  yields  isobutyric  acid  (CH,),  .  CH  .  COjH 
corresponding  to  isobutyl  alcohol.  This  deportment  may  be  explained  by  the 
intermediate  formation  of  isobutylene  fCH,),C  =  CH,,  the  conversion  of  the  latter, 
by  water  absorption,  into  isobutyl  alconol  and  then  oxidation  of  the  latter  (A.  189, 
73).  The  isobutylene,  resulting  from  isobutyl  alcohol  and  tertiary  butyl  alcohol,  by 
the  withdrawal  of  water  can,  by  the  addition  of  ClOH  and  reduction  of  the  resulting 
chlorhydrin,  be  changed  to  isobutyl  alcohol,  and  by  absorption  of  HI  yield  tertiary 
butyl  iodide,  which  in  turn  may  be  transformed  into  tertiary  butyl  alcohol  (p.  II5)> 


^^M         The  bulling  points  oF  tlie  haloid  i 
^V     Ihe  alkyl  haloids  (p.  140). 

"         Amyl  Alcohols,   QH„  . 

possible:  4  primary  alcohols, 
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s  of  the  butyl  alcobolj  w 


—Theoretically,   8  isomei 
:oiKlary,  and  i  tertiary. 


The  following  table  contains  the  formulas  and  the  boiling  points  of 
ihe  eight  amyl  alcohols.  The  name  amyl  alcohol  is  derived  from 
^o-tw:r^  starch,  because  the  first-discovered  amyl  alcohol  was  observed 
a  the  fusel  oil  formed  from  the  brandy  of  potato  starch. 


Num. 

Fanaahi. 

■■' 

t.  Nonnal  Amyl  Alcohol,    .    , 
1   iBobutyl  Corbinol,     .   .    - 

J.  Active  Amyl  Alcohol,  ,    . 

4.  Tertiary  Butyl  Curhinol,  .    . 

5.  Diethyl  Carhinol 

6.  Methyl  n-propyl  Carbinol,    . 

7.  Mfthyl  Isopropyi  Curbinol, . 

CH,.rCH,],CH,,OH 

(ch,),.chch,.ch,oh 
ch,ch;>ch.ch,oh 

(CH,),C.CH,OH 
(CH,.CH,),dH.OH 

ch,.ch,.chJ>^"OH 

(CH,),.CH*>*"-'^*^ 

102" 
lib" 

111.5° 

8.  Dimethyl  Elhyl  C«rbmol, 

CH."=c"fJ:>C   OH 

ioa.5- 

Three  of  these  eight  alcohols  conlsin  an  aaymmelric  carbon 
f   HoTi  hence  each  can  hare  three  modi  Real  ions,  Iwo  optically  ac 
'liv«  tnodificalion  (p.  46],  whicb  would  raise  the  possible  nu 


itom.  indicated  by  a 
ve  and  one  optically 
iberofamyl  alcohols 


I 


(j)  Isobutyl  Carbinol,  (CH,),CH  .  CH,.CH, ,  OH,  constitutes 
the  chief  ingredient  of  ihe  arayl  alcohol  of  fermentation  obtained 
from  fusel  oil  (p.  1 32),  and  occurs  as  esters  of  angelic  and  tiglic  acids 
in  Roman  camomile  oil.  It  may  be  obtained  in  a  pure  condition  by 
synthesis  from  isobutyl  alcohol,  which  it  approaches  in  structure  and 
with  which  it  is  associated  in  fusel  oil : 


CH,OH         CH-I 

,!„       ■  !■■• 


\ 


.  A 


CH,CN 

4h  - 


CH,.CO,H     CH,. 

-t„       ■  J- 


:ho  ch,.ch,oh 


.\ 


.  A 


CH.CH,      CH,CH,      CH^CH,       CH,CH,  CH.CH,       CH,CH, 

The  so-called  alcohol  of  fermentation,  possessing  a  disagreeable 
odor  and  boiling  at  129-133',  occurs  in  fusel  oil  and  consists  mainly 
of  inactive  isobutyl  carbinol.  In  addition,  methyl-ethyl  carbinol 
(active  amyl  alcohol)  is  present.  It  rotates  the  plane  of  polarization 
to  the  left ;  its  activity  is  due  to  the  presence  of  active  amyl  alcohol. 
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^  Ftrmenliition  tmyl  alcohol,  treated  wiili  sulphuric  acid,  yields  iwo  amy]  lulphuric 

.)ddi.    The  diliercnl  colubililies  and  cryslallme  forms  of  Iheir  barium  salU  dUtin- 

^uuL  Ihem,     From  the  more  tpaiiogly  soluble  salt,   which  (otoh  in  nther  lariie 

4iiantily,  isobuljd  carbinol  (l^leut)  maj  be  oblained.     A  mcrre  catnplele  separatJoa 

of  the  alcohoU  is  reached  by  conducting  HCl  into  the  miilure.     Isobulyl  carbinol 

wilUt  etheiified  firal,  the  active  amyl  alcohol  lemaining  (l-e  Bel)   (A.  aao,  149). 

^—JThe  first  tipon  oxidation  yields  inaclix-e,  and  the  second  active  valeric  acid.     When 

^Hje  crude  rennentuion  alcohol  is  distilled  wiih  linc  chloride,  ordinary  amylcne  is  the 

^H»duet.      This  CoruUts  mainly  of  (CH,),C  :  CH .  CH„  resulting  from  a  transposilion 

^^B  itobulyl  carbinol;  it  contains,  besides,  ^-amylene  and  a-amylene  (compare  p.  94}. 

(1)  Active   Amyl  Alcohol,  >CH.  CH,.  Ol\ ,  if  can  Jary   iiilyl  cariintt. 

c,n/ 

mfthyl-ethyl-carbin- carbinol.    Of  Ihctwoactivcmodiiitaiions,  ihelivo-rolaroryform, 

not  yet  obtained  pure,  is  Ihe  optically  active  constituent  of  the  fertnenlation  alcohol.     lit 

^^lutnlil]'  ID  Ihe  fetmentatlon  alcohol  equals  about  13  per  cent, ,  and  its  rotatory  power  is 

^|Hjd=: — 5.2°.     Its  derivalires — ;.  f.,  its  chloride,  bromide,  iodide,  Dod  mclbyl-ctbyl 

^Hknic    acid  {see  valeric  add) — are  ali  optically  active  and  indeed   deitro- rotatory 

■pLiB.  R.  410-.  ag,  59). 

^^  Active  amyl  alcohol  becomes  ioacliveon boiling  with  NaUlI  {Le  Bel).   A  mucor 
■will  render  it  again  active,  but  dextro-rotatory  (B.  15,  1506). 

(4)  Tertiary  Butyl  Carbinol,  (CHj),.  C.CH, .  OH,  is  fonncd  on  reducing  the 
chloride  of  trimelhyl -acetic  acid  or  ptvalic  acid  (B,  94,  R.  557)  with  sodium  amalgam. 
It  mells  at  48-50°.  Nitrous  acid  converts  its  amine,  in  consequence  of  a  remarkable 
rearrangcmenl  of  atoms,  into  dimethyl -ethyl  carbinol  (B.  34.2161). 

(J)  Diethyl  Carbinol,  (C,H.),.  CH.OH,  is  formed  by  the  action  of  zioc  and 
ethyl  iodide  upon  ethyl  formate.  Since  ^-isoalnylene,  C,Hj.  CH  :CH  .  CH,,  yields 
C,Hi.C,H.CHl   CH,  with   HI,  from   which   methyl   normal   propyl   £    '*     '  " 


I 


ned,wecaQi 

a  this  mann 

er  convert  the  diethyl  carbinol  in 

to  the  latter  alcohol 

CH, 

CH, 

CH,                    CH, 

CH, 

<!h.  _ 

Jh, 

<!„         i„, 

CH  .  OH 

in.  OH 

-i™ 

— "Hh        "i„, 

-^^H.          J 

U 

u 

^i"?  .      ^■"' 

U 

o  methyl  propyl  carbinols  are  obtained  from  melliyl  normal  propyl  h 
and  methyl  isopropyl  ketone  by  reduction  with  sodium  amalgam,     « 

(6|  Methyl  Normal  Propyl  Carbinol,  CH,.CH,,  CH,.  iJH  .OH  CH„  is 
made  optically  active  (l-e  Bel)  by  PeniciUmm  gtaucum.  The  deatro- rotatory  modi- 
fication is  destroyed,  and  the  I acvo- rotatory  form  remains. 

(7)  Methyl  Isopropyl  Carbinol.  (CH^I,   CH  .  CH(OH] .  CH„  yUlds.  appai- 


soft. 


\  by  halogen 


Kf) 


-ic, 


The  real  derivative)  of  methyl  isopropyl  carbinol  arc  obtained  from  n-l»}amyleiiei 

[CH,),.  CH,  CH  :CH,  (p.  94).  by  the  addition  of  halogen  hydrides  at  ordinary  tent- 
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(8)  Tertiary  Amj-l  Alcohol.  '*^^'fj"  j  C.  OH,  Jimrlhyl  ilhyl  tariinol,  amy- 
'-ie  hydrole,  is  a  liquid  with  in  oAar  like  tlut  of  camphor.  Il  produces  sleep,  the 
neascblomi  hydrate,  and  is,  iherefoie.cnadeon  a  leclinicBl  scale.  Smce  ordinuy 
inijlene  eoosists  chiefly  ol  ^■'■aoa.myXeae  (p.  94),  tertiary  amyl  alcohol  i«  most  prac- 
Oically  prepared  from  the  iirsi  by  shaking  it  at  — lO"  wilh  sulphuric  acid  diluted  with 
\i-i  volume  of  water  and  Ijoiling  the  solution  with  waler  {A.  190.  345). 

is  further  forroed  by  the  action  of  nitrous  acid  on  the  amine  of  tertiary  butyl  car- 
Vbinolf  B.  34,  z5'9)-  and  from  propionyl  chloride  and  line  laethide.  At  100°  itdecom- 
Vjiojes  into  water  and  ,3-isaamylene. 


HIGHER  HOMOLOaUES  O 


r.ALCOHOLS.  C=H.o 


There  are  many  re presenta lives  oi  the  higher  hoiiiologues  of  the 
alcohols  of  this  series.  Fourteen  of  the  seventeen  theoretically  possible 
hexyl  alcohols  and  thirteen  of  the  thirly-eight  theoretically  possible 
heptyl  alcohols  have  been  prepared.  The  higher  we  ascend  in  the  series, 
the  larger  the  mimberof  theoretically  possible  members  and  the  smaller 
the  number  of  those  alcohols  which  are  actually  known.  Only  a  few 
of  them  are  noteworthy  either  from  a  point  of  formation,  structure, 
or  occurrence  in  the  animal  or  vegetable  kingdoms.  In  the  following 
arrangement  will  be  found  chiefly  the  names,  formulas,  melting  points, 
Litnd  boiling  points  of  normal  alcohols : 


Name. 

Formula. 

M.  P. 

B.  p. 

B-Heiyl  Alcohol.      

Pinacoly!  Alcohol. 

CH,.(CH,),CH..OH 

lCll,),CCfl6H .  CH, 

+4' 

n-Heptyl  Alcohol,    ...... 

Penwmelhylethyl  Alcohol.     .   . 

(Cli,),c'&[cfi,),OH 

+  17" 

B-Octyl  Alcohol, 

>tyl  Alcohol  or  Elhal,   .    .    .    . 
:eryl  Alcohol  or  Cerotin,    .       . 
iefiasyl  or  Myricyl  Alcohol,  ,    . 

CH,.,CH,),.CH,OH 
gCH^,.CH.6H 

f 

^ 

n-Hexyl  Alcohol  occurs  a$  acetic  and  butyric  esters  in  the  oil  of  the  ie«d  of 

raiUum giganttum  (A.  1B3.  193). 

/iHatelyl  Aliohol  has  a  camphor  like  odor.     It  results  from  the  reduction  of  pina- 
Wne  (we  this)  or  tertiary  butyl  methyl  ketone.  (CH,), .  C .  CO .  CH,.     See  B.  i», 
i  14.  for  its  iranspositicD  products. 
F  n-tfeftyl  AktM  hnt  been  prepared  from  oenanthol  (see  thist  by  reduction  and 

m  n-heptane  (A.  iCi,  37S). 

a-Otlyl  Alfo/KJf.CgH^OH.tKcnti  as  acetic  ester  in  the  volatile  oil  of /ft-™(/«m 
tiemiylium,  u  butyric  ester  in  the  oil  of  PnsliHaia  iii/iW.  and  in  the  oil  of  Htrae- 

mgiganltum  (A,  185,  26). 

Cetyl  Alcohol,  C„H„.OH.  Hcxadccyl  Alcohol,  formerly 
ailed  ethal,  is  a  white,  crystalline  maw  fusing  at  49.5°,  and  distilling 
[iibout  340'.     It  wjs  prepared  in  1818  by  Chevreii!  from  the  cetyl  ester 


rijo 
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of  ))3]iuitic  acid,  the  chief  ingredient  of  spermaceti,  by  saponification  1 
wiih  alcoholic  poiash : 

C„H„0.  ..  . „     ^ 


>0  +  KOH  =  C„H„,  Oil  -(-  C,.H„0  ,  OK. 


It  yields,  when  fused  with  potassium  hydroxide,  palmitic  actdfl 
fp.  117): 

C„H„CII,OH  +  KOH  =  C,tH„COOK  -f  aH,. 

Ceryl  Alcohol,  C„H„.OH,  (erolin,  as  ceryl  cerolie  ealer,  C^H^O  .  O.  C„ii„,  ■ 
conaiitules  Cbinese  wax.  It  is  oblaioed  by  melting  the  latter  witli  caualic  polasli.  1 
Ceiyl  Alcohol  is  n  while,  crystalllDc  mass,  fusing  ai  79°.  Il  yieldi  ccrotlc  acid  wbeti  \ 
(used  wilh  polosjium  hydroxide, 

Melissyl  Alcohol,  Cjgil,, .  OH,  myricyl  aUehol.  occurs  as  myricyl  pilmital  .. 
b«esw«x.  It  is  isnlaledm  the  same  manQcriuihe  preceding  compound,  and  melual'l 
85°.  lu  ri/on'i/f  metis  at  64°,  and  S^eindidt  nl  69,5°.  Myricyl  iodide  and  meUlliel 
MHlium  gave  J/eiaconlaiit,  CooH,^,  or  ditnyricyl  (p.  S4). 


I 

I 
I 


B.    UNSATURATED  ALCOHOLS. 

I.  OLEFINS  ALCOHOLS,  CgHin-I.OH. 

These  are  derived  from  the  unsaturated  alkylens,  C.H„,  in  the  same  ' 
manner  as  the  normal  alcohols  are  obtained  from  their  hydrocarbons, 
in  addition  to  the  general  character  of  alcohols,  they  are  also  capable 
of  directly  binding  two  additional  affinities. 

The  chief  representative  of  the  class  is  allyl  alcohol,  CH,  =  J 
CH  .  CHjOH.  When  oxidized  by  potassium  permanganate,  the  double  1 
linkage  of  the  allyl  alcohols  is  severed,  and  trihydric  alcohols —  J 
glycerols — result  (B,  3i,  3347). 

1.  Vinyl  Alcohol,  mbb/,  CH,  :Cri.  OH,  separates  as  C,H,0,Hg,Cl,  froni  ethyl 
clfaer  on  the  addition  to  it  of  an  alkaline  mercury  moiioxycliloride  salulion  (Polectc 
and  ThUmmel,  B.  aa,  2863).     It  is  simultaneously  produced  with  hydrogen  peroxide 
when  ether  U  oxidized  wilh  atmospheric  oxygen.    It  cannot  be  separated  from  its 
mercury  derivative  because  in  ali  tlie  reactions  in  which  it  should  form,  the  isomeric  J 
acelaldehyde,  CH, .  CHO,  is  produced  (p.  53).     It  acema  to  be  the  univeiwl  till*  I 
that  the  atomic  grouping  ^^  C ;  CH  ,  OH,  in  the  act  of  formatian,  i»  tnosposed  into  J 
=  CII.CHO  {Erlcnmeyer.  Sr.,   B,   13,  309;  14,  310);  however,  there  are  more  f 
stable   bodies    than   vinyl   alcohol,  in  which  the  groupings  .=  C  =  CH  .  OH  and  ] 
=  C  =  C(OH)R  (p.  131)  are  present. 

The  haloid  esters  of  vinyl  alcohol  ate  (o  be  considered  the  monobalngcn  snbstiln- 
tion  products  of  ethylene  (p.  105).     Vinyl  ether  and  vinyl  elhyl  eiher  are  knowa  J 
(p.  136).     The  radical  vinyl  a  present  in  nenrioe,  so  important  physioli^cally. 

2.  Allyl  Alcohol  [/'^o^«tf/-j],C,H,.  OH=CH, :  CH .  CH,.OH.— J 
Allyl  compounds  occur  in  the  vegetable  kingdom  :  allyl  sulphide  in  oil  r 
of  garlic,  and  allyl  sulphocyanide,  C.HjN  ^  C  =  S,  in  oil  of  mustard,  f 
It  may  be  prepared  (i)  by  heating  allyl  iodide  to  100"  with  so  parts! 
water;  (2)  it  is  produced,  also,  when  nascent  hydrogen  acts  upon  f 
acrolein,  CH,:CH.COH,  and  (3)  sodium  upon  dichlorhydrin,  J 
CH.Cl .  CHCl .  CH, .  OH  fB,  24,  2670).  (4)  It  is  best  obtained  from  \ 
glycerol  by  heating  the  latter  with  formic  or  oxalic  acid  (A.  167,  aaa). 


I 
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In  ihii  tCBClion  Ihe  oxalic  acid  ■!  firsi  btralis  down  into  carbon  dioiide  and  foimi 
Hd,  which  forms  an  ester  wilh  the  gif  ceral ;  this  theo  decompoicB  into  all3'l  aico 
a\,  carbon  dioxide,  and  water  ; 

CH,,  n.CHO  CH, 

CH.uH  -  CH  +<-1>,  +  H,0. 


Allyl  alcohol  is  a.  mobile  liquid  with  a  pungent  odor,  boiling;  at 
96-97°,  and  having  at  ao°  a,  specific  gravity  of  0.S540.  It  solidifies 
at  — 50°.     It  is  miscible  with  water,  and  bums  with  a  bright  flame. 

It  yields  acrolein  and  acrylic  acid  when  oxidized  with  silver  oxide, 
and  only  formic  acid  (no  acetic)  when  chromic  acid  is  the  oxidizing 
agent.  G^^to/ results  when  potassium  permanganate  is  ihe  oxidant. 
Nascent  hydrogen  is  apparently  without  effect  upon  it,  as  seems  to  be 
indicated  by  its  formation  from  acrolein.  Chlorine  partly  oxidizes  it, 
and  again  aJdds  itself,  giving  rise  to  acrolein  and  the  dichlorhydrin  of 
glycerol  (B.  24.  2670).  When  heated  to  150°  with  caustic  potash, 
formic  acid,  normal  propyl  alcohol,  and  other  products  are  obtained. 

Allyl  alcohol,  heated  with  mineral  acids,  yields  propionic  aldehyde 
and  methyl  ethyl  acrolein  (B.  30,  R.  699). 


Haham  Allyl  AUohsb  have   been  obtained  fro. 


d  ^-dichlorpropylen 


»a-Ch1oiallyl  Alcohol,  CH,  =  CCl .  CH-OH,  boils  bI 
^-Chlorallyl  Alcohol,  CHQ  =  CH  .  CH,OH.  boils  »1 
o-Btoranl1yl  Alcohol.  CH,    =  CBr.  CH,OH,  boils  at 

Sulphuric  acid,  aclini;  upon  a-chlorallyl  alcohol,  produces  a 
this),  and  wilh  abromallyl  nlcohol  yielded  propargyl  alcohol  (sei 
allyl  alcohol  may  be  prepared  from  allyl  alcohol  by  a  series  of  rcac 
'  'lowing  diagram : 


one- alcohol  (see 
132),     o-Brom- 


4„- 


CH,Br 

-rCHBr   - 

CH,Br 


CH.OH 


r  (3)  ^-Allyl  AUoAb!.  CH,  =  C(OH) .  CH„  it 
Sedium~&-allyl  akokalalc  is  prodaced  by  Ihe  actit 
(A.  178,  116),  diluted  with  anhydrous  ether. 

(4)  Crolonyl  Alcohol.  C,H, .  OH  =  CH, ,  CH  l  CH .  CH, .  OH,  is  obtained  from 
cmtonalilehyde,  CH,.  CH  :  CH  .  CHO,  by  meaos  of  nascent  hydrogen.  It  boils  at 
117-110=, 

ilightr  UMiiiruraltd  AlcBhaliof  (bt  allyl  series,  having  secondary  and  tertiary  slruc- 

'ic  in  the  action  of  linc  and  allyl  iodide  upon  aldehydes  (B,  17.  1434)  and 

p.  114  (B,  17,  R.  316;    A.  185,  151,  175;    196,109;  Jr.  pr.  Ch.  [2],    30, 

well  as  liy  nctlon  of  line  alkyU  upon  unsaturated  aldehydes. 

"'bimflhyl Allyl CarbUi^l.  CH,  =  CH  .  CH,C(CH,),OH.bi.ils  at  119.5°.    Diilhyl 

!?^/Mf*iBr)/ boils  at  156°,     Mithyl fnpyl  allyl  mrbinol  Vioiii  at  159-160°. 
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(4)  The  same  occurs  when  thej  are  heated  with  the  haloid  acids,  especial!  j  with  H I  : 

^H*>^  +  2HI  =  CjHjI  +  CH3I  -f  Hfi. 

When  acted  upon  by  HI  in  the  cold,  they  decompose  into  alcohol  and  an  iodide. 
With  mixed  ethers  it  is  the  iodide  of  the  lower  radical  that  is  invariably  produced 
(B.  9,852;   26,  R.  718). 

r?H'>0  -i-  HI  =  CH3I  -f  CjH. .  OH. 

(5)  Many  ethers,  especially  those  with  secondary  and  tertiary  alkyls  and  those  with 
unsaturated  alkyls  (allyl),  break  up  into  alcohols  (B.  xo,  1903)  when  heated  with 
water  or  dilute  sulphuric  acid  to  150^. 

A.  ETHERS  OP  THE  SATURATED  OR  PARAFFIN  ALCOHOLS. 

Methyl  Ether,  (€113)20,  is  prepared  by  heating  methyl  alcohol  with  sulphuric 
acid  (B.  7,  699).  It  is  an  agreeable-smelling  gas,  which  may  be  condensed  to  a 
liquid  at  about  — 23°.  Water  dissolves  37  volumes  and  sulphuric  acid  upward  of 
60b  volumes  of  the  gas. 

Chlorine  converts  ether  into  chlormethyl  ether,  s-dichlormethyl  ether,  and  pe^- 
chlormethyl  ether,  which  decomposes  on  boiling.  The  first  two  are  formaldehyde 
derivatives,  and,  together  with  the  corresponding  brom-  and  iodo-compounds,  will  be 
treated  after  formaldehyde. 

Ethyl  Ether  or  Ether,  (C,H5)jO,  is  by  far  the  most  important 
representative  of  this  class  of  compounds.  It  has  been  known  for  a 
long  time. 

History. — Ethyl  ether  and  its  production  from  alcohol  and  sulphuric  acid  were 
known  in  the  sixteenth  century.  They  were  described  by  VaUrius  CorduSy  a  German 
physician.  Until  the  beginning  of  the  present  century  ether  was  regarded  as  a 
sulphur-containing  body ;  hence,  to  distinguish  it  from  other  ethereal  compounds,  it 
was  called  sulphur-ether.  The  ether  process,  in  which  a  comparatively  small  quantity 
of  sulphuric  acid  was  capable  of  converting  a  large  quantity  of  alcohol  into  ether, 
was  included  in  the  category  of  catalytic  reactions.  The  explanation  of  tlus  process 
constitutes  one  of  the  most  brilliant  advances  in  organic  chemistry. 

In  1842,  Gerhardi,  from  purely  theoretical  reasons  and  in  opposition  to  Liebig, 
concluded  that  the  ether  molecule  did  not  contain  the  same  number  of  carbon  atoms 
as  were  present  in  the  alcohol  molecule,  but  exactly  twice  that  number.  He  was 
unable  to  gain  general  acceptance  for  this  view.  Williamson,  in  1850,  by  a  new 
synthesis  of  ether,  proved  the  correctness  of  Gerhardt's  conception,  not  only  for  it,  but 
for  ethers  in  general.  His  method  was  the  transposition  taking  place  l)elween  sodium 
ethylate  and  ethyl  iodide  (p.  133).  The  formation  of  ether  from  alcohol  and 
sulphuric  acid  Williamson  explained  by  a  continuous  breaking-down  and  re-formation 
of  ethyl  sulphuric  acid,  made  possible  by  the  contact  of  alcohol  with  the  acid  at  140** 

(A    77.  37;  8x,  73). 

Chancel,  who  preceded  Williamson  m  publication,  had  made  ether  independently 
of  the  latter,  by  heating  a  mixture  of  potassium  ethyl  sulphate  and  potassium  ethylate  : 

S0.{^"»+0{C.Hs  =  s0,   {}^  +  0{C.^». 

The  objection  that  ether,  because  of  its  low  boiling  temperature,  could  not  contain 
the  double  numl>er  of  carbon  atoms  in  its  molecule,  Chancel  removed  by  citing  the 
boiling  point  of  ethyl  acetic  ester  (Compt.  rend,  par  Laurent  et  Gerhardt  (1850), 
6,  369). 
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Eih)-!  Alcohol,  .   .     C,H.OH,    ,    . 

Eiher.         .    .  ,  (C,H.),0, 

Aceiic  Add,  .   -       -CH,CO,l[,     -       .  Inils  »t  iiS". 

Ethyl  Acclic  Eiier,  .  CH, .  CO, ,  C,IIj.  .  boils  at    77°. 

Tlim  Wis  pro»ed  that  clhyl  alcohol  and  cllitr  wc 
lypr  Ip.  35} — I,  f.,  they  might  be  regarded  as  water 
utoiDi  were  leplitced  by  ethyl : 


K}"      ^"j}° 


Preparaiion. — Ether  is  made  (i)  from  ethyl  alcohol  and  sulphuric 
acid  healed  to  140".  The  process  is  continuous,  (i)  From  Iwnzetic 
sulphonic  acid  and  alcohol  at  135-145°  (B.  26,  2829). 

The  (dvantnge  in  tbe  xecottd  method  is  that  the  ether  is  not  caiitamiDated  with 

sulphur  iliuilde,  which  in  the  finl  method  i&  removed  from  the  i:rude  product  by 

wuliing   with   a  sods  solulion.     Anhydrous  etbcr  iniiy  lie  olilnined  by  distilling 

ordiDitry  ether  over  burnt  lime,  and  drying  11  finally  with  sodium  wire  (see  aceiu- 

acetic  esler)  until  there  is  no  further  evolulion  of  hydrogen. 

_i      Ttst  for  IVafrr  and  Akohot. — When  ether  conlaitilng  water  is  shaken  with  an 

Unil  Tolunte  of  CS,,  a  turbidity  results.     When  alcohol  is  present,  the  elher,  on 

Hpikins  with  aniline  violet,  is  colored.     Anliydmui  ether  does  not  acquire  a  color 

^^ea  limilarly  treated. 

*  Properties. — Ethyl  ether  is  a  mobile  liquid  with  peculiar  odor,  and 
specific  gravity  at  0°  of  o.  736.  When  anhydrous,  it  does  not  congeal 
at  — 80°.  It  boils  at  35°  and  evaporates  very  rapidly  even  at  medium 
temperatures.  It  dissolves  in  10  parts  of  water  and  is  miscible  with 
alcohol.  Nearly  all  the  carbon  compounds  insohible  in  water,  such  as 
the  fats  and  resins,  are  soluble  in  ether.  It  is  extremely  inflammable, 
burning  with  a  Uiminoiis  flame.  Its  vapor  forma  a  very  explosive 
mixture  with  air,  When  inhaled,  ether  vapor  brings  about  uncon- 
sciousness, a  property  discovered  in  184a  by  Charles  Jackson,  of 
Boston,  hence  its  use  in  surgical  operations.*  Hoffmanii s  Anadyne 
(so  named  after  the  great  Halle  clinician,  who  died  in  174a)  is  a 
mixture  of  3  parts  alcohol  and  i  jiart  ether. 

Ether  unilea  with  bromine  to  farm  peculiar,  crfsullinc  addition  products,  some- 
what like  tHoBtine  hydrate  ;  it  combines,  too,  with  water  and  metallic  salts, 

D'aHSfioiifiani. — for  the  action  of  air  on  ether  see  vinyl  alcohol  (ji.  130),     Hy- 

1   peroxide  is  produced  when  oiygen  aeis  on  moist  elher  (B.  99,  k.  H40). 

healed  with  water  and  sulphuric  acid  lo  iBo",  ethyl  alcohol  results.      When 
is  conducted  into  anhydrous  ether,  an  explosive  peroxide  is  formed. 
f  Chlorine,  acting  upon  cooled  ether,  produces  (A.  179,  301) : 

Mtnethlor-itktr,  CH,.  CHCI.O  .  C,H,.  boiling  at  ^. 
\.i-Dukhr-ttkcr.  CHXl.CHCI.O.QM.,  boiling  al  i«5°. 
Trichhr-ttktr,  CHCI,.CnCl.  O.QH,,    boiling  ai  io2»  (100  mm.). 

Prtxklor-tlhtr,  (CXU),0,  raellingal    6S".    Ilbreaksdowo 

% dlMillatlon  into  C,Ct,  nod  tnchloracetyl  cliloride,  C,C1,0 .  CI. 


•  l>er  Aether  gi-ljen  drn  Schni 
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s-DUhlor-etker,  CH, .  CHQ .  O.  CHCl .  CH„  boiling  at  1 16®,  is  produced  by  the 
action  of  hydrochloric  acid  upon  aldehyde. 

The  following  table  contains  the  melting  and  boiling  points  of  the  better  known 
simple  and  mixed  ethers : 

Ethyl  methyl  ether  boils  at  1 1°  ;  tk-propyl-nt ethyl  ether  boils  at  50°  ;  n-propyl  ether 
boils  at  86°;  isopropyl  ether  boils  at  60-62°;  isoamyl  ether  boils  at  1 76®;  Cetyl 
ether^  {^fi^^j^^  melts  at  55°  and  boils  at  300°. 

B.  ETHERS  OP  UNSATURATED  ALCOHOLS. 

It  was  explained,  when  discussing  the  unsaturated  alcohols  (p.  130),  that  the 
members  of  that  series  in  which  hydroxy!  was  combined  with  a  doubly  linked  carbon 
atom  readily  rearranged  themselves  into  aldehydes  or  ketones,  and  were  only  known 
in  their  derivatives,  especially  as  ethers.     Thus : 

I.  Vinyl  ether ^  (CH,  ^  CH),0,  boils  at  39°,  and  may  be  obtained  from  vinyl 
sulphide  (p.  149)  and  silver  oxide.  2.  Perchlor-vinyl  ether ^  Chloroxethose^  (CC1,= 
CC1)20,  is  formed  from  perchlorethyl  ether  (p.  135)  and  K,S.  3.  Vinyl  ethyl 
ether ^  boiling  at  35.5°»  results  from  the  interaction  of  iodoethyl  ether  and  sodium 
ethylate.  4.  hopropenyl-ethyl ether^  CHjC(OC,Hj)  =  CH„  formed  from  propenyl  bro- 
mide and  alcoholic  potash,  or  from  ethoxycrotonic  acid  (B.  29,  1005),  boils  at  62-63°. 

Ethers  of  allyl  alcohol  and  propargyl  alcohol  are  known :  Allyl  ether^  (CHj= 
CH.CH,),0,  boils  at  85°;  propargyl  ethyl  ether,  CH=C. CH,.  O  .CH,.  CH„ 
boils  at  80°.     See  ethyl  propiolic  ester. 

2.  ESTERS  OF  THE  MINERAL  ACIDS. 

If  we  compare  the  alcohols  with  the  metallic  bases,  the  esters  or 
compound  ethers  (p.  132)  are  perfectly  analogous  in  constitution  to 
the  salts.  Just  as  salts  result  from  the  union  of  metallic  hydroxides 
with  acids,  so  esters  are  formed  by  the  combination  of  alcohols  with 
acids.     Water  appears  as  a  side-product  in  both  reactions: 


NaOH  4-  HCl  =     NaCl  -|-  HjO. 
CjH^OH  +  HCl  =  CjHjCl  -f  HjO. 


The  haloid  esters  correspond  to  the  haloid  salts ;  they  may  also  be 
regarded  as  monohalogen  substitution  products  of  the  hydrocarbons 
(p.  loi).  Corresponding  to  the  oxygen  salts  are  the  esters  of  other 
acids,  which,  therefore,  may  be  viewed  as  derivatives  of  the  alcohols, 
in  which  the  alcohol-hydrogen  has  been  replaced  by  acid  radicals,  or  as 
derivatives  of  the  acids,  in  which  the  hydrogen  replaceable  by  metals 
has  been  substituted  by  alcohol  radicals.  The  haloid  esters  would  be 
included  in  the  last  definition  of  esters.  The  various  definitions  of 
esters  as  derivatives  of  the  acids,  and  again  as  derivatives  of  the  alco- 
hols, find  expression  in  the  different  designations  of  the  esters: 

QA\ .  O  .  NO,        or        NO, .  O .  C,H5. 
Ethyl  Nitrate.  Nitric  Ethyl  Ester. 

In  polybasic  acids  all  the  hydrogen  atoms  can  be  replaced  by  alco- 
hol radicals  resulting  in  the  production  oi  neutral  esters.  When  alco- 
hol radicals  are  introduced  for  all  of  the  hydrogen  atoms  acid  esters 
are  formed.  These  still  possess  the  acid  character.  They  form  salts, 
hence  are  termed  ether  acids,  and  correspond  to  acid  salts : 
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ESTERS   OF  THE   MJNERAL   ACID! 


SO,<oK  K'.<OH 

■1  rotauiuBi  Sulphate.  Acid  Potaisium  SiiIptiaM 


so,<; 


O.C,H,  gQ      O.C,Hj 


0-C,H, 

ElhytEsK 


Dibasic  acids  form  two  series  of  salts,  and  also  of  esters,  while  with 
tribasic  acids  there  are  three  series  of  salts  and  of  esters. 

In  th«  caie  of  the  polyhydric  nicohols  Ihere  are,  besides  the  neutral  esters,  also 
hatie  tstiTt,  carrcsponding  la  the  basic  wlls,  in  vrbich  not  atl  of  the  bydroiyl  groups 
p«rticipaleiJ  in  ihc  eslerification. 

Formation  of  Esters. — ( i)  The  esters  can  be  prepared  by  allowing 
alcohols  and  acids  to  act  directly  ;  water  is  also  produced  : 
C,H, .  01!  +  NO, ,  OH  =  CjH, .  O .  NO,  +  H,Q. 

This  tr»n!posilioa,  however,  only  takes  place  gradually,  progressing  wiih  time  ;  it 
is  accelerated  by  heal,  bat  is  uever  coinplele.  We  always  tind  alcohols  and  acids 
tf^ether  with  the  estets,  and  they  do  not  react  any  further  upon  each  other.  If  the 
tilet  be  removed — i.  f . ,  by  dislillalion — from  the  mixture,  as  it  is  formed,  an  almost 
perfect  reaction  may  be  attained. 

When  acted  upon  by  alcohols,  the  polybasic  acids  mostly  yield  the 
F  .primary  esters  or  ether-acids. 

I  There  are  two  synthetic  methods  of  producing  the  esters  which 
I  Estvor  the  views  of  considering  tliem  derivatives  of  alcohols  or  acids. 
tThesc  are : 

(a)  By  reacting  on  the  acids  (their  silver  or  alkali  salts)  with 
llkylogens : 

NO, .  O.  Ag  +  C,H,I  =  NO, . O .  C,H,  +  Agl. 

I  (3)  By  acting  upon  the  alcohols  or  metallic  alcoholates  with  acid 

Uorides : 

jC,Hs .  OH  +  SO,Cl,  =  so,  <  Q  ■  ^"'  +  2HCI 
3C,lij.0H  -1-     BCIj=  B[0.C,H5),'    '+ jHa. 

I  Properties. — The  nentral  esters  are  insoluble,  or  soluble  with  diffi- 
Milty  in  water,  and  almost  all  are  volatile ;  therefore  the  determination 
of  their  vapor  density  is  a  convenient  means  of  establishing  the  molec- 
ular magnitude  and  also  the  basicity  of  the  acids.  The  ether-acids  are 
not  volatile,  but  are  soluble  in  water  and  yield  salts  with  the  bases. 

All  esters,  and  especially  the  ether-acids,  are  decomposed  into  alco- 
hols and  acids  (p.  ii2)when  heated  with  water.  Sodium  and  potas- 
sium hydroxides,  in  aqueous  or  afkaline  solution,  accomplish  this  with 
great  readiness  when  aided  by  heat.  The  process  is  termed  sapomfiea- 
(ioit,  because  the  soaps — i.  e.,  the  potassium  and  sodium  salts  of  the 
higher  fatty  acids  (see  these) — are  obtained  by  this  reaction  from  the 
fats,  the  glycerol  esters  ; 
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NO, .  O .  C,iri  -i-  KOH  =  CiHjOH  -| 
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A.  I.  ALKYL  ESTERS  OF  THE    HALOID  ACIDS,   HALOID   ESTERS   OF  THE 

SATURATED   ALCOHOLS,  ALKYLOGENS. 

It  was  pointed  out  under  the  halogen  substitution  products  of  the 
paraffins  and  the  unsaturated  acyclic  hydrocarbons  that  Xhtmonohaiogen 
substitution  products,  or  alkylogens^  were  largely  prepared  from  the 
alcohols  as  starting-out  substances.  This  intimate  connection  with  the 
alcohols  is  the  reason  for  the  assumption  of  the  alkylogens  as  esters  of 
the  haloid  acids.  As  haloid  esters  of  the  alcohols  they  arrange  them- 
selves with  the  alkyl  esters  of  the  inorganic  oxygen  acids. 

The  view  that  the  halogen  derivatives  CnHtn  +  iX  are  paraffin  substitution  prod- 
ucts is  expressed  in  the  names  monochlor-methane,  monochlor ethane,  etc. ,  while  the 
designation  methyl  chloride,  ethyl  chloride,  etc.,  preferred  for  the  monohalogen  sub- 
stitution derivatives  of  methane  and  ethane,  mark  these  substances  as  haloid  esters  of 
the  alcohols,  corres|X)nding  to  the  metallic  halides. 

Formation  of  Alkylogeiis. — (I)  By  the  substitution  of  the  paraffins.  The  conditions 
favoring  the  substitution  of  the  hydrogen  atoms  of  the  paraffins  by  halogen  atoms 
have  been  mentioned  under  the  general  methods  for  the  preparation  of  hal<^en  sub- 
stitution products.  The  substitution  reaction  is  not  well  adapted  for  the  preparation 
of  alkylogens,  because  mixtures  of  compvounds  are  invariably  produced.  In  the 
higher  members  of  the  series  isomerides  are  formed.  This  is  because  the  chlorine 
enters  for  the  hvdrogen  both  of  terminal  and  intermediate  carbon  atoms.  Thus  nor- 
mal pentane,  Cllj  .  CH,.  CH^ .  CH,  .  CH,.  yields  CH,.  CH, .  CH,.  CH, .  CH,Cl  and 
CHj .  CHj .  CH2  .CHCl .  CHj,  and  such  mixtures  arc  separated  with  great  difficulty. 

(2)  By  the  addition  of  haloid  acids  to  the  olefines.  In  this  addition,  which  occurs 
with  es[)ecial  ease  with  hydrogen  iodide,  it  is  interesting  to  note  that  the  halogen 
atom  attaches  itself  to  the  carbon  atom  carrying  the  least  amount  of  hydrogen  (p.  93)  : 

HI 

CHj .  CH  :=  CH, >-  CHj .  CHI .  CH, 

CH  ^^  CH 

S  8 

(3)  From  alcohols  (a)  by  the  action  of  haloid  acids.  This  reaction 
does  not  readily  complete  itself  unless  the  halogen  hydride  is  used  in 
great  excess,  or  the  water  formed  at  the  same  time  with  the  alkylogen 
is  absorbed.  Hence  in  the  case  of  methyl  and  ethyl  alcohol  an  addi- 
tion of  zinc  chloride  or  sulphuric  acid  is  advantageous  (see  raono-chlor- 
methane,  p.  141). 

Tiiis  addition  is  a  disadvantage  with  the  higher  alcohols,  because 
then  olefines  are  first  produced,  and  to  these  the  halogen  hydride  adds 
itself  in  such  a  manner  that  an  isomeride  of  the  desired  alkylogen  is 
obtained  (p.  92).  It  may  also  be  remarked  that  in  the  presence  of 
an  excess  of  hydriodic  acid  the  iodides  are  often  reduced.  Hence 
alkyl  iodides  can  be  prepared  from  polyhydric  alcohols  (compare 
isopropyl  iodide,  p.  142)  : 

QII.fOH),  -f-  3HI  ==  CjHjI  -f  I2  +  2H,0. 
C3n,(OH)3-f  5HI  =  C3H,  4-2l,4-3H,0. 
C,H,(OH),-f  7in=:C,H,I  -i- 3I, -f  4H,0. 
CeII,(OIl)e  -f  "HI  =  CeH„I  -f  5I,  -f-  6Ufi. 

(b)  By  the  action  of  phosphorus  halides.     If,    for  example,  ethyl 
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alcohol  betreaied  withPCl,,  PBr„or  PI„  two  possibilities  arise:  either 
an  halogen  hydride  and  ethyl  phosphorous  ether  arc  produced,  or  an 
ethyl  haloid  and  phosphorous  acid.  The  latter  reaction  occurs  when 
PBrj  and  PI,  are  used,  and  this  method  is  adopted  almost  exclusively 
in  the  preparation  of  the  alkyl  bromides  and  iodides  (see  ethyl 
bromide  and  ethyl  iodide)  : 


(BI,  acts  analogously  upon  ethyl  alcohol,  D.  24,  R.  3S7).  The 
formation  of  eslera  of  phosphorous  acid  by  the  use  of  PBr,  and  PI, 
is  far  from  satisfactory.  PC1„  on  the  other  hand,  yields  phosphorous 
esters  and  hydrochloric  acid  almost  entirely  according  to  the  equation  : 


PCI,  4-  jCjHjOH  =  Pio .  C,Hj),  +  iHCl. 

The  chlorides  are  readily  formed  if  PClj  be  substituted  for  PCI,: 

PClj  -!-  CjHjOH  =  CjHsCl  +  HCl  -)-  POCI,. 


^^P       (■)  Broniiilcs  aiitl  iodides  can  be  tranafarmed  into  chlorides  tiy  healiDg  Ihi 
^P  *C,H,I  -f-  HgC],  =  jC,H,C1  +  Hgl,, 


:  heUed  with  AIBr,  or  At!,  or  Csl,  tliey  become  bromides 
tC,  393;  ig,  R.  166)  : 


3C,H,CI  +  AlBr,  =  aC^H^Br  +  AlCl,. 

(c)  Methyl  and  ethyl  iodides  yield  wilh  AgF!  the  gueous  compounds  melhyl 
fimandr,  CH.Fl.  and  ttiyljlueridt,  C,II,F1.  which  have  an  agreeaUe,  ethereal  odor, 
and  do  not  attack  glast  (B.  as,  K.  267). 

(d)  On  distilling  ethyt  sulphuric  odd  and  potRssium  brouiide,  ethyl  bromide  is 
produced. 

Isomerism. — Propane  is  the  first  hydrocarbon  yielding  isomerides 
(p.  43).  The  isomerism  depends  on  the  varying  position  of  the 
hydrogen  atoms  in  the  same  carbon  chain,  and  from  butane  forward  it 
depends  on  the  different  linkage  of  the  carbon  atoms  forming  the 
carbon  skeleton  (see  table,  p.  140). 

Properties  and  Transpositions. — The  alkylogensare  ethereal,  agree- 
able, sweet  ■smelling  liquids.  They  are  scarcely  soluble  in  water,  but 
dissolve  with  ease  in  alcohol  and  ether.  They  are  gases  at  the  ordi- 
nary temperature — e.  g.,  methyl  chloride,  ethyt  chloride,  and  methyl 
bromide.  The  chlorides  boil  aS^-zo"  lower  than  the  bromides,  and 
the  latter  from  34''-i8'' lower  than  the  corresponding  iodides  (p.  140). 
The  differences  grow  less  with  increasing  molecular  weight.  As  in 
the  case  of  the  hydrocarbons,  so  here  it  may  be  said  that  where 
isomerides  exist,  the  normal  members  have  the  highest  boiling  points. 
The  more  branched  the  carbon  chain,  the  lower  will  the  boiling  point 
lie. 

A&  haloid tsters  oi  l\\e  alcohols,  the  atkylogens  may  be  compared  with 
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the  metallic  halides,  although  the  halogens  are  less  readily  transposed 
by  silver  nitrate.  The  iodides  are  the  most  reactive.  However, 
the  alkylogens  are  excellently  adapted  to  bring  about  the  replacement 
of  metals,  and  thus  unite  atoms  previously  in  union  with  metals,  to 
alcohol  radicals.  Particularly  interesting  is  the  transposition  occa- 
sioned by  the  alkaline  cyanides  (see  nitriles),  and  the  sodium  deriva- 
tives of  aceto-acetic  ester  (see  this)  and  malonic  ester  (see  this). 
Both  are  synthetic  reactions  of  the  first  importance  (p.  81).  The 
alkylogens  play  a  prominent  part  in  the  nucleus-syntheses  of  the 
paraffins  (see  ethane,  p.  82).  They  constitute  the  transition  from 
tlie  paraffins  and  olefines  to  the  alcohols  (see  these),  into  which  they 
are  converted  by  moist  silver  oxide. 

The  methods  for  the  transposition  of  alcohols  into  ethers,  into 
mercaptans,  into  alkyl  sulphides  (sulphur  ethers)  and  compound 
mineral  ethers  or  esters,  are  based  upon  the  reactivity  of  the  halogen 
atoms  in  the  alkylogens.  This  is  also  the  case  with  the  methods 
employed  in  the  preparation  of  metal  alkyls. 

Among  the  numerous  reactions  of  the  alkylogens,  mention  may  here 
be  made  of  their  power  to  unite  with  ammonia  and  ammonium  bases. 
By  this  means  the  primary,  secondary,  and  tertiary  amines,  as  well  as 
the  tetra  alkyl  ammonium  halides,  were  obtained. 

The  following  table  contains  the  boiling  points  of  some  of  the 
alkylogens  at  the  ordinary  pressure : 


Name  and  Formula  of  Radical. 


Methyl-, CHj^ 

Ethyl-, CH3.  Q\\^__ 

Norm.  Propyl  , CM3 .  CH, .  CIIj_ 

Isopropyl-, (CH3)jCH 

Norm.Butyl-, CH3.  ClI, .  CH^  .  CH^ 

Isobulyl-, (CH3)2.CH.CH,__ 

Sec.  Butyl-, (?j"»>CH_ 

Tert.  Butyl- (CH3)3C_ 

Norm.  Amyl-, CH, .  (CH2)3CHj_ 

Tsoamyl-       (CH3),CH  .  CH, .  CII,_ 

Diethyl  Methyl-, (C.^H5)2CH_ 

Methyl-norm.-propyl Methyl-,  p.,     ^,j      .,„3>CH_ 
Methyl-isopropyl-methyl-,      .  .^^j  .  ^.tT'>CH_ 
Dimethyl-ethyl-methyl-,    .    .  ^^\\^^Q^ 

Norm.  Hexvl- CH3 .  [CH.,]^ .  CIl^.. 

Norm.  Heptyl-, CH3 .  [CR,1 .  CH,_ 

Norm.Octyl-, Cllg  .  [CHjg.  CH,_ 


Chloride. 

Bromide. 

-24' 

+"•5° 

+4.5* 
380 

44° 
36- 5° 

71° 

77-5° 
68.5° 

100.4° 
92° 

... 
51.5° 

•        •        • 

72- 

io6« 

I290 

100° 

I200 

104° 

•        •       • 

113° 

9i« 

115° 

86° 

100** 

159° 
180° 

155° 
178° 
199° 

Iodide. 
43** 

72<> 

1020 
895^ 

129.6° 
120** 

120® 

103. 3® 

155** 
I48«» 

I45« 
1440 

138* 
127® 

1790 
203® 
225® 


HAIOID   ESTERS   OF  THE  SATURATED    ALtOHOLS. 

Monochlormethane,  CH|C1,  Methyl  Chloride,  is  obiained 
from  methane  or  methyl  alcohol.  It  is  a  sweet -smelling  gas.  Alcohol 
will  dissolve  35  volumes  of  it,  and  water  4  volumes. 

It  »  prepared  b}'  beating  a  miilure  of  I  part  methyl  alcohol  [wood  spirit),  l  pBTtl 
lodioni  chloride,  and  3  parts  sulphuric  acid.  A  better  plan  i>  to  couduci  HCI  Into 
boiling  methyl  akohol  in  the  presence  of  zinc  chloride  (^  part).  The  di^ngaged 
gisis  washed  with  KOH,  and  dried  by  means  of  sulphuric  acid.  Commercial  methyl 
chloHile  usually  occurs  in  a  compressed  condition.  It  was  foimeriy  applied  in  (be 
manufacture  ol  the  aniline  dyes,  and  in  producing  cold.  It  is  oblaiiied  by  heating 
trimelhytamine  hydrochloride,  N(C11,),.  HCI. 

Monochlorethane,  C,H,C1,  Ethyl  Chloride,  is  an  ethereal 
liquid,  boiling  at  la-s";  specific  gravity  ai  0°  =^0.9?!,  It  ismisclble 
with  alcohol,  but  is  sjiaringly  soluble  in  water. 

It  is  prepared  from  ethyl  alct>hol  in  the  same  manner  that  methyl 
chloride  isoblained  from  its  alcohol.  Its  formation  from  ethyl  hydride 
or  dimethyl  by  means  of  iJilorine  (p.  83)  is  important  from  a  theo- 
retical standpoint. 

If  heated  with  water  to  100°  (in  a  sealed  tube),  it  changes  to  ethyl 
alcohol.  The  conversion  is  more  rapid  with  potassium  hydroxide.  In 
dis|)ersed  sunlight,  chlorine  acts  upon  it  to  form  elhylidene  chloride, 
CH,.  CHCi,,  and  other  sulMitution  products.  Of  thwe  C.HCl,  was 
formerly  employed  as  j^fher  ancesthetUvs.  Chlorine  converts  ethyl 
chloride,  in  the  presence  of  iron,  into  ethylene  chloride, 

Thf  burling  points  of  the  two  propyl  ihloridn,  the  three  biityt  iMo'idrt,  six  amyl 
tkliridcs.  normal  htiyl-,  Aeflyl-.taA  oityl-ihlBridts,  have  been  given  in  the  preceding 
table.      Myrityl  <hlo,idf,  CH,[CH,]„CH,C1,  melts  at  64°. 

Methyl  Bromide,  CH,Br — Mo nobrom methane. — Specific  gravity 
is  1.73  at  0°. 

Ethyl  Bromide,  CjHjBr,  boils  at  39°  ;  its  specific  gravity  is  1.47 
at  13°.  Bromine  (6  pts.)  is  run  into  a  mixture  of  red  phosphorus 
(i  pt.)  and  95  per  cent,  alcohol  (6  pts.).  The  mixture  should  be 
chilled  and  constantly  shaken  while  introducing  the  bromine.  The 
reaction  will  be  complete  at  the  expiration  of  several  hours.  The 
ethyl  bromide  is  then  distilled  off.  washed  first  with  a  soda  solution, 
'         then  with  water,  and  rectified  after  previous  drying  over  calcitim 

■  chloride.     Ethyl   bromide   is   the   officinal    /Elher  iromatus.     It  is 
prepared  from  potassium  bromide  and  ethyl  sulphuric  acid  (p.  139). 
It  is  used  as  a  narcotic. 
Propyl  Bromide,  C,H,Bi,  from  the  normal  alcohol,  boils  at  71°;  its  specific 
gtaviiy  is  1.3520  at  zo°. 

laopropyl  Bromide,  C,H,Br,  from  its  ccFrresponding  alcohol,  boils  at  59.5°;  its 
specific  gravity  is  1.3097  at  xfi.  It  is  most  conveniently  obtained  by  the  action  of 
DTomiDe  upon  isopropyl  iodide  (B.  15,  1904). 

I  Upon  lioiling  with  aluminiom  bromide,  or  by  heating  to  250°,  normal  propyl 
bromide  passes  over  into  the  isopropyl  bromide  (not  completely,  however)  (B.  16, 
391).  .'^ueb  a  UaDsposilion,  due  to  displacement  at  the  atoms  in  the  molecule,  occun 
twher  frequently, and  is  termed  mcttmlar  trumpmilion.  It  maybe  assumed  that  ihe 
nonnal  propyl  bramide,  CH, .  CH,.CH, .  Br,  at  first  breaks  op  imo  propylene. 
CH,  .  CH  \  CH,  aod  HBr  ((ce  p.  91),  which  then,  according  to  a  common  rule  of 
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addition  (p.  93).  unites  with  the  propylene  to  isopropyl  bromide,  CH,  .  CHBr  .  CH,. 
Simihirly,  isobutyl  bromide,  (CH,), .  CH .  CH, .  Br,  changes  at  240^  to  tertiary  butyl 
bromide,  (CIl,), .  CBr  .  CH,.  The  transpositions  occurring  on  heating  the  halogen 
hydrides  with  the  alcohols  may  be  explained  in  the  same  manner. 

The  table  already  referred  to  also  contains  the  boiling  points  of  some  of  the  higher 
hoinolo^ues. 

Cetyl  Bromide,  CH,[CH,]i4CH,Br,  melts  at  15®. 

On  exposure  to  the  air  the  iodides  soon  become  discolored  by  depo- 
sition of  iodine.  The  iodides  of  the  secondary  and  tertiary  alcohols 
are  easily  converted  by  heat  into  alkylens,  CaH,,  and  HI.  Consult 
A.  243,  30,  upon  the  s|)ecific  volumes  of  the  alkyl  iodides. 

Methyl  Iodide,  CH3I,  is  a  heavy,  sweet-smelling  liquid,  boiling 
at  43°,  and  has  a  si^ecific  gravity  of  2.19  at  0°.  In  the  cold  it  unites 
with  HjO  to  form  a  crystalline  hydrate,  2CHjI  -|-  H,0. 

Ethyl  Iodide,  CiHsI,  is  a  colorless,  strongly  refracting  liquid, 
boiling  at  72°  and  having  a  specific  gravity  of  0.975  at  o*^.  It  was  dis- 
covered by  Gay-Lussac  in  1815.  It  is  prepared  similarly  to  ethyl  bro- 
mide. 

Propyl  Iodide,  QH^I,  from  propyl  alcohol,  has  a  specific  gravity  of  1. 7427  at  20**. 

Isopropyl  Iodide,  CsH,!,  is  formed  from  isopropyl  alcohol,  pro- 
jnlene  glycol,  CjHgfOH^,  or  from  propylene,  and  is  most  conveni- 
ently prepared  by  distilling  a  mixture  of  glycerol,  amorphous  phos- 
phorus, and  iodine  (A.  138,  364)  : 

C3H,  (011)3  +  5HI  =  C,H,I  4-  2I,  -h  3H,0. 

Here  we  have  allyl  iodide,  CH^^CH — CHjI,  produced  first  (see 
below),  and  this  is  further  changed  to  propylene,  CH,  =  CH — CH,, 
and  isopropyl  iodide. 

Isopropyl  Iodide  boils  at  89.5°,  and  has  a  specific  gravity  of 

1.7033  at  20  \ 

The  boiling  points  of  some  of  the  higher  alkylogens  will  be  found  in  the  pre- 
ceding tabic.  CV/i'/ ;W/V/^,  CHj .  [CHjJuCHjI,  melts  at  22®,  and  myricyl  iodide^ 
CH.3[CH2]2^CH2i;at7o°. 


II.  HALOID  ESTERS  OF  THE  UNSATURATED  ALCOHOLS. 

Only  the  haloid  esters  of  the  most  important  olefine  and  acetylene  alcohols  will 
be  given :  they  are  the  allyl  haloids  and  the  propargyl  haloids.  The  former  are 
j)repared  from  allyl  alcohol  by  methods  similar  to  those  employed  for  the  preparation 
of  the  corresponding  compounds  from  ethyl  alcohol.  They  are  isomeric  with  the 
/^  and  a-haloid  propylenes  (p.  105),  from  which  they  are  distinguished  by  their 
adaptability  for  double  decompositions : 


Formula. 


Boiling 
Point. 


Sp.  Gravity. 


Allyl  Fluoride  (H.  24,  R.  40),,  CII^ 

Allyl  Chloride, ^  Q\\ 

Allyl  Bromide, 1  ^H^ 

Allyl  Iodide, CH^ 


CHjFl 


CI  I 

CH 

CII  .CH, 

CH.CH3I 


CHjCl 
Br 


— io« 
46° 
710 

IOI<» 


0-9379  (20«») 
1.461    (  o*>) 

1.789    (I6«») 
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The  allyl  hsloids  are  liquids  wilb  leek-like  odor.  Ally!  cbloride,  heHled  to  loo" 
with  HCr,  yields  propylene  chloride,  CII, .  CHC1 .  CH,C1.  Allyi  brumide,  healed  10 
100°  with  HBr.  passes  inio  trimelliylene  broroide,  CH,Br.  CH,  .  CII,I(r.  The  addi- 
tion of  hnlogena  produces  |;1ycerul  trihnloid  esters. 

A//y/  Iodide. — This  is  most  Treqiiently  used.  It  ts  readily  pre[»ared 
from  glycerol  by  the  action  of  Hi,  or  iodine  and  phosphortis. 

It  may  be  supposed  that  at  first  CH,I .  CHI .  CH,I  forms,  but  is  stib- 
seqtiently  decomposed  into  allyl  iodide  and  iodine.  (Preparation  : 
A.  185,  191 ;  22G,  206,)  With  excess  of  HI  or  phosphorus  iodide, 
allyl  iodide  is  further  converted  into  propylene  and  isopropyl  iodide 
(see  alrove). 


c,t£jHgi  +  1,  =  qH,I  +  HbI,. 

Alcoholic  potash  converts  allyl  iodide  into  allyl  ethyl  ether.     With 

i potassium  sulphide  it  yields  allyl  sulphide  (p.  150);  with  potassium 
Bulphocyanide,  allyl  sulphoeyanide,  which  pa.sses  readily  into  allyl 
biustard  oil  (see  this).     Allyl  iodide  has  also  been  used  in  the  syn- 


IVopargyl  Chloride  (B.  8,  398}, 
Propargjl  Bromide  (B.  7,  761), 
Propugyl  Iodid«  (B,  7,  1131), 


CH  =  C.CH,a 
CH  =  C.CH,Br 
CH=C.CH,I 


•■04S4  (  5°) 
1,5200  (io'j 
1.0177  (  °°) 


tPropargyl  chloride  is  produced  when  phosphorus 
pon  propargyl  alcohol. 
rii 


B.  ESTERS  OP  NITRIC  ACID. 


They  are  prepared  by  the  interaction  of  alcohols  and  nitric  acid. 
,ltroiisacid  is  always  produced.     It  is  a  consequence  of  oxidizing, 
secondary  reactions,  and  may  be  destroyed  by  ihe  addition  of  urea : 
CO(NH,),  -t-  zHNO,  =  CO,  -)-  zN,  +  3H,0. 

When  much  nitrous  acid  is  present,  it  induces  the  decomposition  of 
the  nitric  acid  ester,  and  causes  explosions, 

Meiliyl  Nitrate.  CH,  .1 

specific  gravity,  at  ao*,of  I, 
violently. 


E 

Hweci 


Ethyl  Nitrate.  C,H, .  0  .  NO,,  Nitrie  Ethyl  Ester. 
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white  light.     It   will   explode   if  suddenly  exposed  to  high   heat.      Heated  with 
ammonia,  it  passes  into  ethylamine  nitrate.    Tin  and  hydrochloric  acid  conrert  it  into 
hydroxylamine. 
'  'X\\Q propyl  ester,  C3H,  .O.  NO,,  (B.  14,  42 1 )  boib  at  IIO**,  the  isopropyl ester  iX 
101-102°,  and  the  isobutyl  ester  at  123^ 


>o 


C.  ESTERS  OP  NITROUS  ACID. 

These  are  isomeric  with  the  nitro-paraffins.  The  group  NO,  is 
})resent  in  both;  while,  however,  in  the  nitro-compounds  nitrogen  is 
combined  with  carbon,  in  the  esters  the  union  is  effected  by  oxygen: 

C.H^.NO,  CjHj.O.NO. 

Nitro-ethane.  Nitrous  Ethyl  Ester. 

The  nitrous  esters,  as  might  be  inferred  from  their  different  structure, 
decompose  into  alcohols  and  nitrous  acid  when  acted  on  by  alkalies. 
Similar  treatment  will  not  decompose  the  nitro-compounds.  Nascent 
hydrogen  (tin  and  hydrochloric  acid)  converts  the  latter  into  amines, 

wiiile  the  esters  are  saponified. 

Nitrous  acid  esters  are  produced  in  (l)  the  action  of  nitrous  acid  upon  the  alcohob ; 
(2 )  by  the  action  of  alkyl  iodides  upon  silver  nitrite  (B.  25,  R.  571).  Nitro- paraffins, 
with  high  boiling  points,  are  formed  simultaneously. 

Methyl  Nitrite,  Nitrous  Methyl  Ester,  CH,.  O  .  NO,  boils  at  — 12°. 

Ethyl  Nitrite,  Nitrous  Ethyl  Ester,  C^H^ .  O  .  NO,  is  a  mobile,  yellowish  liquid, 
of  specific  gravity  0.947,  at  15°,  and  boils  at  -|-l6°.  It  is  insoluble  in  water,  and 
possesses  an  odor  resembling  that  of  apples.  It  is  obtained  by  the  action  of  sulphuric 
acid  and  potassium  nitrite  upon  alcohol  (A.  253,251  j4nm.).  It  is  the  active  ingre- 
dient of  Spiritus  crtheris  nitrosi. 

When  ethyl  nitrite  stands  with  water  it  gradually  decomposes,  nitrogen  oxide  being 
eliminated ;  an  explosion  may  occur  under  some  conditions.  Hydr<^en  sulphide 
changes  it  into  alcohol  and  ammonia. 

Normal  Butyl  Nitrite,  QHg.  O  .  NO,  boils  at  75®, the  secondary  at  68®,  and  the 
tertiary,  €(€1^3)3  .  O  .  NO,  at  77°. 

Isoamyl  Nitrite,  C^H,, .  O .  NO,  obtained  by  the  distillation  of  fermentation  amyl 
alcohol  with  nitric  acid,  is  a  yellow  liquid  boiling  at  96®;  its  specific  gravity  is 0.902.  An 
ex])losion  takes  place  when  the  vapors  are  heated  to  250®.  Nascent  hydrc^en  changes 
it  into  amyl  alcohol  and  ammonia.  Heated  with  methyl  alcohol,  it  is  transformed  into 
methyl  nitrite  and  amyl  alcohol.  The  result  is  the  same  if  ethyl  alcohol  be  used 
(H.  20,  656). 

Amyl  nitrite,  "  Amylium  nitrosum^^'^  is  used  in  medicine,  and  also  for  the  prepara- 
tion of  nitroso-  and  diazo-compounds. 

^(Yiv..  —  Diazo-ct/ioxanfy  CjH^O  .  N  =^  N  —  O .  Cjllg,  results  from  the  interaction 
of  ethyl  iodide  and  nitrosyl  silver  (NOAg)j.  It  is  the  ester  of  hyponitrous  add 
(li.  II,  1630). 

D.  ESTERS  OF  SULPHURIC  ACID. 

(i)  The  neutral  esters  are  formed  by  the  action  of  the  alkyl  iodides  upon  silver 
sulphate,  SO^Agj;  they  are  also  produced,  in  slight  quantity,  on  heating  the  primary 
esters  or  alcohols  with  sulphuric  acid.  They  can  be  extracted  with  chloroform  from 
the  product,  and  are  heavy  liquids,  soluble  in  ether,  possess  an  odor  like  that  of  pep- 
permint, and  boil  without  decomposition.  They  will  sink  in  water,  and  gradoaliy 
decompose  into  a  primary  ester  and  alcohol : 


I 


■■  SULPHURIC  ACID. 


I 


^<0 :  §";  +  "■'^  =  SO,<g^<^'"'  +  C,H,.  OH. 

The  DimelhylEiltr,  S0,(0 .  CH,),.  boils  «l  188".  I'btdulhyl  esfrr,  SO,(0.C,Hj),, 
uoils  SI  zoS".  It  is  formed  qImi  from  50,  aad  (C,Hj>,0.  and  when  beoled  with  alco- 
hol, Mbyl  sulphuric  acid  and  clhyl  ether  ire  produced  (B.  13,  1699  ;    15,  947), 

(2)  The  primary  esters  or  ether-acids  are  produced  (i]  when  the 
alcohols  are  mixed  with  concentrated  sulphuric  acid : 

SO,(OH),  +  C,H,.OH  =  SO,<^^'^"»  +  H,0. 

The  reactioB  takes  place  onlj'  vhen  aided  by  heat,  and  it  is  doi  complete,  because 
the  miiture  alwa)^  contains  free  sulphuric  acid  and  alcohol  (compare  p.  137 ).  The 
reaction  does  proceed  to  completion  if  the  alcohol  he  dissolved  in  very  little  sulphuric 
acid,  and  SO,  in  the  form  of  fuming  sulphuric  acid  be  then  allowed  to  act  upon  ihe 
wcllcooledsolution  |1J,  18,  R.  31).  To  isolate  tlie  ether-acids,  thcproductof  ibc  reac- 
tion is  diluted  with  water  and  boiled  with  an  excess  of  barium  carbonate.  In  thi« 
way  the  unaffected  sulphuric  acid  is  thrown  out  as  barium  sulphate ;  the  barium  salts 
of  the  elher-acids  are  soluble  and  ei^stalUie  out  when  the  solution  is  evaporated. 
To  obtain  the  acids  in  a  free  state  their  salts  are  treated  with  sulphuric  acid  or  Ihe 
lead  salts  (obtained  by  saturating  the  acids  with  lead  carbonalej  may  be  decomposed 
by  hydrogen  sulphide,  and  the  solution  allowed  to  evaporate  over  sulphuric  acid. 

Eren  aecondary  alcohols,  by  careful  cooling  of  Ihe  components,  are  capable  of 
forming  elher  sulphuric  acids — ;.  f,,  ethyl  propyl  carbinol  (B.  36,  1203). 

[2)  The  Met  aeuis  also  result  from  the  union  of  the  altcylcns  with  concentrated 
talphuric  acid. 

Properties. — These  acids  are  thick  liquids,  which  cannol  be  distilled. 
They  sometimes  crystallize.  The)*dis-solvc  readily  in  water  and  alcohol, 
')ut  are  insoluble  in  elher. 

(i)  When  boiled  or  warmed  with  water  they  break  down  into  siil- 
I  phiiric  acid  and  alcohol: 

SO,<^jj^"'^'i  +  H,0  =  SO.H,  +  C^H, ,  OH. 

(1)  When  distilled,  ihey  yield  sulphuric  acid  and  alkylens  (p.  91). 

(3)  Upon  heating  them  with  alcohols,  simple  and  mixed  ethers  (p. 
L  133)  are  produced. 

They  show  a  strongly  acid  reaction,  and  furnish  salts  which  dissolve 

I  quite  readily  in  water,  and  crystallize  without  great  trouble.    The  salts 

t  gradually  change  to  sulphates  and  alcohol  when  they  are  boiled  with 

er.    Those  with  the  alkalies  are  frequently  applied  in  different  reac- 

I  lions.     Thus  with  KSH  and  K,S  they  yield  mercaptans  and  ihio-ethers 

(p.  149) ;  with  salts  of  fatty  acids  they  furnish  esters,  and  with  KCN 

the  alkyl  cyanides,  etc. 

aSithyl Sulfhurit  Afid.  SO,lCH,)H.  is  a  thick  oil. 

Ethyl SulphuHi  Acid,  SO.fCjHjlH,  is  obtained  by  mixing  i  part  alcohol  with  1 
ns  concenlraied  sulphuric  acid.  The  potitaiutn  tail,  SO,(^H,)K,  is  anhydrous; 
crystallizes  in  plates.     The  barium  and  ciMum  salts  crystallize  in  large  tablets 


^Eith' 

^H    T) 


molecules  of  K,0  each  (A,  iiS,  30a). 
The  chloridis  at  cAleranhydridii  lA  K\xt  ether  sulphuric  acids  I  SOj^^j     '"'V 
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called  esters  of  chlorsulphonic  acids,  result  in  (l)  the  action  of  sulphury]  chloride 

upon  the  alcohols : 

CjHj .  OH  -f  SOjCl,  =r  S0,<^,'  ^"»  +  HCl ; 

Chloride  of  Ethvl 
Sulphuric  Acid. 

(2)  by  the  action  of  PCl^  upon  salts  of  the  ether  acids  ;  (3)  by  the  union  of  the  defines 
with  CI.  SO,II;  (4)  by  the  union  of  SO,  with  the  alkyl  chlorides;  and  (5)  by  the 
action  of  SO,  upon  the  esters  of  hypochlorous  acid  (B.  xg,  860) : 

SO,  -f  CIO .  CjHj  =  S0,<  ^  ^^ 

All  are  liquids  with  penetrating  odor.  Cold  water  decomposes  them  very  slowly, 
with  the  formation  of  the  ether  acids.  These  they  yield, together  with  ethyl  chlorides, 
oil  adding  alcohol  to  them.     The  reaction  is  rather  energetic. 

Chloride  of  Ethyl  Sulphuric  Acid,  CjHj .  O .  S0,C1,  boils  at  about  152®.  Methyl 
Sulphuric  Chloride,  CH3 .  O .  S0,C1,  boils  at  132°. 


E.  ESTERS  OP  SYMMETRICAL  SULPHUROUS  ACID. 

The  empirical  formula  of  sulphurous  acid,  SOjH,,  may  have  one  of 

two  possible  structures : 

Sytnm.  Sulphurous  Acid.  Unsymm.  Sulphurous  Acid. 

The  ordinary  sulphites  correspond  to  formula  2,  and  it  appears  that 
in  them  one  atom  of  metal  is  in  direct  combination  with  sulphur : 

Ag.SO2.OAg  K.SOj.OH. 

Silver  Sulphite.  Prim.  Pot.  Sulphite. 

Silver  sulphite,  AgSOj.OAg,  when  acted  upon  by  ethyl  iodide, 
yields  the  ethyl  ester  of  ethyl  sulphuric  acid,  CjHj .  SO, .  CjHj,  which 
splits  off  an  ethyl  group  when  treated  with  caustic  potash,  and  yields 
ethyl  suli)huric  acid,  C2H5.SO3H,  the  oxidation  product  of  ethyl 
niercai)tan,  C2H5SH.  The  sulphoaddsdiwd  their  esters,  which  must  be 
viewed  as  esters  of  unsymmetrical  sulphurous  acid,  will  be  described 
after  the  ?nercaptans> 

J\^(iTs  of  Symmetrical  Sulphurous  Acid. 

These  are  produced   in  the  action  of  thionyl  chloride,  SOClj  (A..   Ill,  93),  or 

sulphur  monochloride,  S^Cl^,  upon  alcohols: 

SOCl,  4-  2C3II5 .  OH  =r  S0<^  •  ^^  +  2HCI  and 
S.CU  +  3C2H5  .  OH  =  S0<^  •  ^^Ijs  ^  CjHj. .  SH  +  2Ha. 

The  mercaptan  that  is  simultaneously  formed  sustains  further  decomposition. 
The  sulphites  thus  produced  are  volatile  liquids,  insoluble  in  water,  with  an  odor 
resembling  that  of  peppermint,  and  decom|X)sed  by  water,  especially  when  heated, 
into  alcohols  and  sulphurous  acid. 

Sulphurous  Methyl  Ester,  S0(0.  CHj)^,  methyl  sulphite,  boils  at  121°. 


r 

I 
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The  Ethyl  Ester,  SO[O.C,Iij),.  boils  at  i6i°.  lu  specific  gnvitj  M  o"  is 
io6,  PClj converts  it  into  the  ^*/o/ru'<-,SO<y  ^^  a  liquid  boiling  al  i3i°,Uid 
iLomposed  b]i  water  into  alcoliol,  SO,  and  HCI.  It  is  isomeric  nilh  ellijl  sulphonic 
chlnride,  C,Hj.  SU,C1  (p.  153).  On  mixing  the  ester  with  a  dilute  solution  of  the 
equivalent  amount  of  KOH,  a  potassium  salt,  SO.  <qk^**'.  separates  in  glistening 
Kales.     This  is  Tiewed  as  a  salt  of  the  unstable  ethyl  sulphurous  acid. 


P.  ESTERS  OP  HVPOCHLOROUSAND  PERCHLORIC  ACIDS. 


I 


The  Esters  of  hypocblorous  Hcid,  ClOH,  form  on  mixiii 
solutions  of  hyjKicblorous  acid  ivitli  alcohol.  They  are  unple 
sire  liquids  |B,  18.  1767  ;  ig,  857).  The  perchloric  acid  e 
and  result  from  Lbe  action  of  ethyl  iodide  upon  silver  pcrchli 

Methyl  Hypochtorite  boils  >1  12°  ;  Ethyl  Hypochlo: 

Sulphur  dioxide  converts  thcsf  cslets  into  chlorsulphonic  esters  (p. 
with  KCN  they  yield  fklofimido-iarbonu  atid  fsleri  (see  these). 


iccDti-Bted  aqueous 
lysmelling,  eiplo- 

C10C,H.,  boils  at 


O.  ESTERS  OP  BORIC  ACID,  ORTHO-PHOSPHORIC  ACID.  SVH.  PH03- 
,,..«.,„„„   .^.„    .,.„.... ,^   -"ID,  SVM.  ABSF"'"""-   "■■"    ""■" 
:.[CIC  ACIDS. 


PHOKOUS  ACID,  ARSENIC  ACID,  SVM.  ARSENIOUS  ACID,  i 


These  esters  are  obtained  by  the  action  of  BCl,,  POa.,  PClj,  AsBr,,  SiCI,, 
SjOG,  upon  alcohols  and  sodium  alcohoIaCes.  Caustic  alkalies  saponify  tbeoi  with 
the  production  of  alcohols  and  alkali  salts  of  the  respective  inorganic  acids.  Most 
of  them  are  decomposed  entirely  or  in  part  by  water. 

Methyl  Borate.  Ii(0  .  CHj)„  boils  at  65'. 

Ethyl  Borate,  G(0  .  C,Hj),,  boil;  at  119".  and  bums  with  a  green -colored  dame. 

Triethyl  Phosphoric  Eater,  P0[0 .  CAl^)^,  boils  at  llj  ". 

Sym,  Trietbyl  PbosphorouB  Ester,  P(U ,  C,H|i)„  boils  at  191°, 

tor  the  alkyliKd  derivatives  of  unsymmelrical  phosjihorous  and  bypophosphorous 
sctdj — the  ptaospho-  and  phospbinic  acids — compare  the  pbosphines  and  phos- 
phorus bases  (see  these). 

Trielbyl  Arsenic  Ester,  AsO(0  .C,H()„  boils  at  235°,  and  results  from  the 
interaction  of  silver  arsenate  and  ethyl  iodide. 

Sytn.  Triethyl  AtBenious  Ester.  As(OC,Hj)„  boils 

Compare  Arsenic  6asfi  (see  these)  for  arsenic  deriva 
phosphe-  and  tkoiphinic  ands. 

Ethyl  OrlAo-iiliHc  Eiltr.  Si(0  .  C,H,)„  boils  at  165'  ; 

ElhjIDuilicic  Ester,  Si,0(O  .  C,H,),.  boils  at  236". 

Ethyl  MelasUicit  Eslir,  SiO(0  .  C,H,),.  boils  at  about  360°. 

Vae  silicic  esters  bum  with  ■  brilliant  white  flame.  The  ortho-  and  metasilicic 
esters  correspond  to  the  ottho-  and  mela-  or  ordinary  carbonic  acid  eslers :  C(OC, 
Hj),andCO(OC;H,),. 


tives  corresponding  to  the 
Si(OCH,)„  at  110-122°. 


3.  SULPHUR  DERrVATIVES  OF  THE  ALCOHOL  RADICALS. 

The  sulphydrates  and  sulphides  correspond  lo  the  metallic  hy- 
droxides and  oxides,  while  the  sulphur  analogues  of  the  alcohols  and 
ethers  are  the  thio-aUohoU  or   mercaplans  and  thU  tlhfrs  or  alky!- 
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sulphidesy  and  the  alkaline  polysulphides  find  their  analogues  in  the 
alkyl  polysuiphides : 

Ethyl  Sulphydrate.  Ethyl  Sulphide. 

Ethyl  Disulphide. 

A.  Mercaptans,  Thio-alcohols,  or  Alkyl-sulphydrates. — 

Although  the  mercaptans  closely  resemble  the  alcohols  in  general,  the 
sulphur  in  them  imparts  additional  specific  properties.  In  the  alcohols 
the  H  of  OH  is  replaceable  by  alkali  metals  almost  exclusively;  in 
the  mercaptans  it  can  also  be  replaced  by  heavy  metals.  The  mercap- 
tans react  very  readily  with  mercuric  oxide,  to  form  crystalline  com- 
pounds : 

20,1X5 .  SH  +  HgO  =  (C,H, .  S),Hg  +  H,0. 

Hence  their  designation  as  mercaptans  (from  Mercurium  captans). 
The  metal  derivatives  of  the  mercaptans  are  termed  mercaptides. 

The  methods  for  their  formation  are : 

(i)   By  the  action  of  the  alkylogens  upon  potassium  sulphydrate  in   alcoholic 

solution  : 

CjHjCl  -f-  KSH  =  CjHj .  SH  -f  KCl. 

(2)  By  distilling  salts  of  the  sulphuric  esters  with  potassium  sulphydrate  or  potas- 
sium sulphide  (see  p.  145)  : 

S02<Q^^2"5  ^  KSH  =  C^Hj .  SH  +  SO^K,. 

The  neutral  esters  of  sulphuric  acid — e.  g.^  S0,(0 .  CjH^),  (p.  145) — also  jield 
mercaptans  when  heated  with  KSH. 

(3)  A  direct  replacement  of  the  oxygen  of  alcohols  and  ethers  by  sulphur  may  be 
attained  by  i)hosphorus  sulphide  : 

SC^H^OH  4-  P,S5  r..  5C,H,  .  SH  ^  P.O^. 

(4)  By  reduction  of  the  chlorides  of  the  sulphonic  acids  (see  these): 

CjHj .  SOjCl  -h  6H  =  CjjHjSH  -f-  HCl  +  2H,0. 
Tliis  reaction  recalls  the  reduction  of  the  acid  chlorides  to  primary  alcohols. 

Properties  and  Transpositions  of  the  Mercaptans. — The  mercaptans 
are  colorless  liquids,  mostly  insoluble  in  water,  and  possess  a  dis- 
agreeable, garlic-like  odor. 

(1)  Moderate  oxidation  with  concentrated  sulphuric  acid,  sulphuryl  chloride,  or 
iodine  converts  the  mercaptans  or  mercaptides  into  disulphides  (see  these). 

(2)  When  oxidized  with  nitric  acid,  the  mercaptans  yield  the  sulphonic  acids. 
Conversely,  the  mercaptans  result  by  the  reduction  of  the  sulphonic  acids. 

(3)  By  their  union  with  aldehydes  and  ketones  there  result  mercaptals  and  mer- 
captoh,—f.  g.,  CH,CH(SCjHi^)„  (CH^OjCtSC^Hs),,— which  will  be  treated  at  the 
conclusion  of  the  aldehydes  and  ketones  (see  these). 
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^H  Ethyl  Mercaptan,  C,H, .  SH,  boils  at  36°.  Its  specitic  gravity  at 
^V  30°  is  0.839.  It  is  the  most  important  and  was  the  first  discovered  mer- 
^^  caplao  (1834,  Zeise,  A.  11,  1).  Despite  its  fearful  odor,  it  is  techni- 
cally made  from  ethyl  chloride  and  potassium  sulphydrate.  It  is  used 
in  the  preparation  of  sulphonal.  It  is  but  slightly  soluble  in  water  ; 
readily  in  alcohol  and  ether. 

Mercury  mercaptide,  (C,Hj .  S),Hg,  cryslalliies  from  alcohol  in  bril- 
liant leaflets,  melting  at  86",  and  is  only  slightly  solublein  water.  When 
mercaptan  is  mixed  with  an  alcoholic  solution  of  HgCl,,  the  compound 
C,Hj.  S.  HgCl  is  precipitated.  The  potassium  and  sodium  compounds 
arc  best  obtained  by  dissolving  the  metals  in  mercaptan  diluted  wi ih 
ether;  they  crystallize  in  white  needles. 

Methyl  MercaplaH,  CH,SH,  boils  bI  +  6"!  a-pro/yl  mirtaptan  it  68°;  isoprefyl 
mircufitan  Bt  Sg' ;   a-iurrl  mircafilan  al  gS." ;  a/^/ wmjto//3«,  C,H,SH,  at  90°. 

n-Bufyf  Mtrcaplan  is  TDund  in  sectelions  af  Ibe  (link-badger  of  tbe  Fhitlpplnes 
(MfdSus  Marchci  Hnet)  (Pbarm.  CentrBlhallc,tSg6,  No.  J4). 

B.  Sulphides  or  Thio-ethers, — Theseareobtaiuedlike  the  mer- 
captans ; 

1.  By  the  action  of  alkylogens  upon  potassium  sulphide. 

2.  By  distillation  of  salts  of  the  ethyl  sulphuric  acids  with  potassium 
sulphide. 

3.  By  the  action  of  P,Sj  upon  ethers, 

4.  Upon  healing  the  lead  mercaplides : 
I.  2C,HjCI  +  K,S  -=  (CjI^jS  +  2KCI. 


2S0,<, 


OK 


'» -J-  K,S  =  (CjHjj.S  4-  2K,S0(. 


Further,  by  the  interaction  of  alky!  haloids  and  potassium  on  sodium 
■  inercaptides,  when  mixed  thio-ethers  are  also  produced: 
S.     C,HiSNb  +  C,H,I  =  (C,Hjl,S  -)-  Nal 

CjHjSNa  -(-  C:,H,I  =.  C,Hj.  S.  C,H,  -\  Nal. 

Methods  i,  1,  and  5  are  analogous  to  those  used  in  the  preparation 
[■6f  the  corresponding  ethers. 

Tbf  sulphides,  like  Ihe  mercaptans.  are  colorless  liijuids,  insoluble  in  water,  but 
lasiljr  soluble  in  akohol  and  ether.  When  impure  their  odor  is  very  disagreeable, 
bnt  quite  ethereal  when  pure  <B.  27,  1239). 

Transpeiitians. — The  solphides  nre  characteriicd  by  their  addilive  power.     (I) 
jTiey  unite   with    Br,,  and    (j)    wiih   metallic  chlorides— t.  g..   (C,H,),S.  HgCl,. 
[jr(C,Ht),S],  PlCl,;  (3)  also  with  alltyl  iodides  (o  sulphioe  iodides  (p.   150);   (4) 
They  areosidiied  (n  sulphoiides  (p.  159)  and  sulphones  (p.  159)  by  oitric  acid. 
Mithyl  Sulphidi.  (CH,),S,  boils  at  37.5°. 
Ethyl  Sulphide,  (C^H^^.S,  boils  at  91°. 

Ti-PnfylsHlpkidi,]fJA,)^,\«M\iia  130-135";  a-6utyl  lulpiide  m  iSi";  iiebHlyl 
\,«llphidtKX  173°. 

■^       Olyl  Sulphide.  (C„Ha),S,  fuses  al  S7^- 

The  sul|«lide»  of  vinyl  and  allyl  alcohols  occut  in  nature.  They  are  far  more  im- 
BeOTtBDl  than  [he  lulpbides  of  ibc  normal  alcohols.  This  is  particularly  Irue  of  ollyl 
■-ioJpbide, 
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Vinyl  Sulphide^  {^Q^^^^x^  the  pnDcipal  ingredient  of  the  oil  oi  Allium  ursinum^ 
and  is  perfectly  similar  to  allyl  sulphide.  It  boils  at  loi^ ;  its  speciBc  gravity  is  0.9125. 
It  forms  (C^HjHr,  '^SHr,  with  six  atoms  of  bromine.  SiWer  oxide  changes  it  to  vinyl 
ether,  (CjII^jjO  (p.  136)  (A.  241,  90). 

Allyl  Sulphide,  (€,115)28,  is  the  chief  constituent  of  the  oil  of 
garlic  (from  Allium  sativum)^  and  is  obtained  by  the  distillation  of 
garlic  with  water  (VVertheim,  1844).  It  occurs  in  many  of  the  Cruet- 
fene.  It  may  be  prepared  artificially  by  digesting  allyl  iodide  with 
potassium  sulphide  in  alcoholic  solution.  It  is  a  colorless,  disagree- 
ai)le-smelling  oil,  but  slightly  soluble  in  water.  It  boils  at  140*^.  It 
forms  crystalline  precipitates  with  alcoholic  solutions  of  HgCl,  and 
PtCli.  With  silver  nitrate  it  yields  the  crystalline  compound  (QHj), 
S  .  2AgN0,. 

Allyl  mustard  oil  is  produced  on  heating  the  mercury  derivative  with 
potassium  sulphocyanide.  Vinyl  mustard  oil  is  prepared  in  an  analo- 
gous manner. 

(^  Alkyl  Disulphides  are  produced  (i)  like  the  alkyl  monosnlphides  upon  dis- 
tilling salts  of  the  ethyl  sulphuric  acids  or  alkylogens  with  potassium  disulphide ;  (2) 
by  the  action  of  iodine  or  concentrated  sulphuric  acid  upon  mercaptides  ;  (3)  by  the 
action  of  sulphuryl  chloride  on  the  mercaptans : 

1.  2SO,<2^^»"*  +  ^^^^  =  (C,Hj),S,  +  2K,S0,. 

2.  2C,HjSK  +  I,  =  CjIIjS— S— CjHj  -f  2KI. 

3.  2C,H5SH  -f  SOjCl,  =  (C,H5),S,  -f  SO,  -f  aHQ. 

When  bromine  acts  upon  a  mixture  of  two  mercaptans,  mixed  alkyl  disulphides  are 
produced  (  B.  19,  3 1 32).  Nascent  hydrogen  reduces  the  alkyl  disulphides  to  mer- 
captans, while  zinc  dust  converts  them  into  zinc  mercaptides: 

(C,U,),S,  -h  Zn  ^  (C,H,S),Zn. 

Mercaptides  result  on  heating  them  with  potassium  disulphide  (B.  zg,  31 29  ;  com- 
pare also  phenyl  disulphide),  and  dilute  nitric  acid  changes  them  to  alkyl  thiosul- 
phonic  esters  ([).  153)- 

M^//iy/  Disulphide,  (C,Hs),Sj,  boils  at  112°.  Ethyl  Disulphide,  (C,Hj),S„  boils 
at  151°.     They  are  oils  with  an  odor  hke  that  of  garlic. 

D.  Sulphine  or  Sulphonium  Compounds  fB.  27,  505  Anm.),  (i)  The  sul- 
phides of  the  alcohol  radicals  (thio-ethers)  combine  with  the  iodides  (also  with 
bromides  and  chlorides)  of  the  alcohol  radicals  at  ordinary  temperatures,  more 
rapidly  on  application  of  heat,  and  form  crystalline  compounds : 

(C,H,),S  +  C,H  J  =  (C,H5),SI. 

Trielhyl  Sulphonium  Iodide. 

These  are  perfectly  analogous  to  the  halogen  derivatives  of  the  strong  basic 
radicals.  By  the  action  of  moist  silver  oxide  the  halogen  atom  in  them  may  be 
replaced  by  hydroxyl,  and  hydroxides  similar  to  potassium  hydroxide  be  formed : 

(C,II,),SI  -f  AgOH  -  (C,H,)3S  .  OH  +  Agl. 

(2)  The  sulphine  or  sulphonium  haloids  are  also  obtained  on  heating  the  sulphur 
ethers  with  the  halogen  hydrides,  and  (3)  the  alkyl  sulphides  with  iodine  (B. 
25,  R.  641): 
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(4\  The  acid  chloridei  read  similarly. 

(5)  By  the  ociioti  at  loelliyl  iodide  on  metallic  sulphides : 
SnS  +  3CH,1  =  SnI,  +  (CH,),Sl. 

Often  when  the  altyl  iodides  act  on  the  sulphides  of  higher  alkjls  the  laUcr  are 
displaced  (B.  8.  $25). 

(C,Hj),S .  CH,1  and  (?"'>S .  C,!!,!  are  not  isomeric,  in  which  case  a  difference 
of  the  4  valences  of  &  would  be  proven,  but  identical  (B.  ai,  R.  64S). 

The  sulphonium  hydro»ide»  are  cryilnllinc,  cBloiesceni,  strongly  basic  Iwdici, 
readily  soluble  in  water.  Like  the  alkalies,  Ihty  precipitate  raelalbc  hydroxides  from 
metallic  sails,  set  ammonia  free  from  ammoniacal  Milts^  absorb  CU,  and  salurHic 
acids,  with  the  ronnalicn  of  neutral  salts  : 

IC,H,),S.0H  +  NO,H  =  (C,II,),S .  NO,  +  H,0. 

We  thii5  observe  that  relations  similar  to  those  noted  with  the  nitrogen  groiip  pre- 
vail with  sulphur  (also  with  selenium  and  tellurium).  Nitrogen  and  phosphorus 
combine  with  four  hydrogen  atoms  (also  with  alcoholic  radicals)  to  form  the  groups 
ammoniom,  NH,,  and  pliusphonium,  PH.,  which  yield  comjnunds  similar  to  those 
of  the  alkali  metals.  Sulphur  and  its  analogues  combine  in  like  manner  with  three 
univalent  alkyli,  and  give  sulphoninm  and  sulphine  derivatives,  Ulher  non. metals 
and  the  less  positive  metals,  like  lead  and  tin,  exhibit  a  perfeetly  similar  behavior. 
By  addition  or  hydn^en  or  alkyls  they  acquire  a  strongly  basic,  metallic  character 
(see  the  melallo-organic  compounds  and  also  the  aromatic  lodonium  bases). 

Trimelhyl  Sulphonium  Iodide,  (CH,),SI.  is  readily  soluble  in  water,  soluble 
with  diHiculty  in  alcohol,  and  crystalliies  from  the  latter  in  white  needles.  At  215'  it 
breaks  down  quietly  into  methyl  sulphide  and  methyl  iodide.  Piaiinic  chloride  pre- 
cipitates, from  solutions  of  its  chloride,  n  chloroplatinale,  [(CH,),SCI],  .  PiCI,, 
very  similar  to  ammonium  plalinum  chloride.  Trimethyl  Sulphonium  Hydroxide, 
{CH,),SOH.  consists  of  deliquescent  crystals  with  a  strongly  alkaline  reaction. 

C«isult  B.  34,  R.  906,  upon  the  refractive  power  atid  the  lowering  of  the  freezing 
point  of  sulphine  compounds. 

E.  Sulphoxides  and  Sulphones,  as  mentioned  (p.  149),  result 
from  the  oxidation  of  the  sulphides  with  nitric  acid  : 


L.n.-  H"!  "-i"! 

Ethyl  Sulphide.  Ethyl  Snlphoilde.  Eih^l  Sulphone. 

The  sulphoxides  may  be  Compared  10  the  ketones.  Nascent  hydrogeu  rednces 
them  to  sulphides.  Methyl*  and  Btbyl  Sulpbozides  ore  thick  oils,  which  combine 
with  nitric  add  :  (CH,l,SO  .  NO,H.  Barium  carbonate  will  liberate  the  sulphoxides 
from  these  salts.  Methyl  Sulphozide  is  also  formed  when  silver  onide  acts  upon 
mtlhy! iHlph-bromidt.  (CH,),SHr,. 

Tlie  i<i//-iDfi;i,  obtained  from  the  sulphoiides  by  means  of  nitric  acid,  or  hy  oiida- 
tioD  with  potassium  permanganate,  may  also  be  regarded  as  esters  of  tlie  alkyl  sul- 
pbinic  acids  (see  tbe^e).  because  they  can  be  prepared  from  salts  of  the  latter  through 
the  action  of  olkjl  iodides : 

C,H5 .  SO,K  +  C.HjI  =  ^|[*>SO,  +  KI, 

However,  they  arc  not  true  esters,  but  remarkable  compounds,  chnracieriied  liy 
ereal  itabtlily,  in  which  both  alcohol  radicals  are  linked  to  sulphur.  They  cannot 
be  ieduc«d  10  sulphides. 

MnAyl  Suffiiont,  (CtliJjSO,,  melts  at  109°  and  boils  at  238°, 
Elkyl  Sulfhatte,   (C,Hj),SO„  melts  at    70=  and  boils  at  248°. 
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ALKYL  SULPHONIC  ACIDS,  ALKYL  THI08ULPHURIC  ACIDS,  ALKYL 
THIOSULPHONIC  ACIDS,  AND  ALKYL  SULPHINIC  ACIDS. 

Thcrte  C()iu{>ounds  have  tlie  general  formulas : 

R^  SO,(  )II  R^S .  SOjH  R'.  SO^SH  R^.  SO,H 

( \}  I. .  S(  )/3I I  CjHjS  .  SO,H  C,H« .  SO,SH  C^H^ .  SO,lI 

Kthyl  Sulplionic  Ethyl  Thiosulphuric      Ethyl  Thiosulphonic        Ethyl  Sulpbinic 


I  Mill) 

Acul. 


Acid.  Acid.  Acid. 


K.  Sulphonic  Acids. 

the  >ulpho  acids  or  sulphonic  acids  contain  the  sulpho-group  — SO,  .  OH,  joined  to 
cari>()ii.  This  is  evident  from  their  production  by  the  oxidation  of  the  mcrcaptans, 
and  from  their  reconversion  into  mercaptans  (p.  I48).  They  can  be  viewed  as 
t^tcr  derivatives  of  the  unsymmetrical  sulphurous  acid,  HSO,OH  (p.  I46). 

I'ormation. — (i)  Their  salts  result  from  the  interaction  of  alkaline  sulphites  and 
alky  I  iu<li<lcs  ;  their  e:>ters  are  formed  when  alkyl  iodides  act  upon  silver  sulphite  : 

K  .  SO, .  OK  -f  CjHjl  ^  C,H^ .  SOjOK  +  KI 

Potassium  Ethyl  Sulphonate. 

A^; .  SO, .  OAg  -j-  2C,I  IJ  =r  CjHj .  SO, .  O .  QM^  -f  2AgI. 

Ethyl  Sulphonic  Ethyl  Ester. 

(2)   I'y  oxidation  of  (a)  the  mercaptans ;   (b)  the  alkyl  disulphides ;   (c)  the  alkyl 

tliiocyanates  with  nitric  acid: 

[C,n,S],        \ >  C^Hj.SOjH. 


(Vl.SH       ) 

:Qn,s],     I 
CjH^s.cnJ 


(^)  The  alkyl  siilpliinic  acids  are  readily  oxidized  to  sulphonic  acids. 

(-})  1  i>c«  Milpho  a(  i<l.scan  be  formed  further  by  the  action  of  sulphuric  acid  or  sulphur 
tiioMtle  upcin  alcohols,  ethers,  and  various  other  bodies.  This  reaction  is  very 
tonunon  witii  ben/.cne  derivatives  and  proceeds  without  difficulty. 

J'n<f<ft(if\  iitid  Transpohiticns. — These  acids  are  thick  liquids,  readily  soluble  in 
watiT,  ;in(l  ^M-ncrally  crystallizahle.  They  suffer  decomposition  when  exposed  to 
ln-at,  l>ui  an*  not  altered  when  boiled  with  alkaline  hydroxides.  When  fused  with 
.solid  alkalit-s  ihey  break  up  into  sulphites  and  alcohols: 

(  ,Hj.S(),.OK  -f  KOH  =  KSO,.OK  -f  C^H^.OH. 

I*(  'Ij.^  cljan^cs  tlu  in  to  chlorides, — e.  g.^  QIIj .  SOjCl, — which  become  mercaptans 
thr'Mi^'ji  i1j<-  a^^cncy  ol  hydrogen,  or  by  the  action  of  sodium  alcoholates  pass  into  the 
iicuii.il  •  stcrs     (  ,115.  S<  >;, .  ^^.^Hfi  (P-  ^4^)- 

M.iny  «>(  these  leactiuns  plainly  indicate  that  in  the  sulphonic  acids  the  sulphur  is 
din  I  tl\  ( ombined  with  the  alkyls,  and  that  very  probably,  therefore,  in  the  sulphites 
iIm-  i'lir  imtallic  atom  is  directly  united  to  sulphur.  The  sulphonic  esters  boil  con- 
fide ral»ly  liij^^lur  than  the  esters  of  symmetrical  sulphurous  acid  (p.  I46).  Alkalies 
<  <»M\ett  the  latter  into  sulj^hites  and  alcohol,  whereas  in  the  sulphonic  esters  only  one 
alKyl  ^;n)Up     tiial  not  directly  linked  to  sul[)hur — is  removed. 

Methyl  Sulphonic  Acid,  CII3.  SO.,lI,  was  synthetically  prepared  by  Kolbe  in 
iS.ji^  fioin  caiboti  disulphide.  Chlorine  converted  the  latter  into  trichlormethyl 
sulplioiiit  (  hloride,  which  was  chanj»ed  to  the  corresponding  acid,  and  the  latter 
redii(«(i  by  sodium  amaljjam  to  methyl  sulphonic  acid,  just  as  acetic  acid  is  obtained 
fn)m  Irichlor  acetic  acid  (see  this)  (A.  54,  174)  : 

C  f  2S       (  S, ->  CCla .  S0,C1 >  CCl, .  SO3II  >  CH, .  SO,H. 

Trichloi  methyl  sulphonic  acid  will  be  discussed  later,  after  carbonic  acid. 
Barhim    Safl,  (CH, .  SOjjjBa  -f-  >^H,0.     Methyl  Sulpho-chloride,  CH,.SO,CI, 
boils  at  160°. 
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Ethyl  Sulphonic  Acid.  C.H,.  SOjH,  is  onidiwd  by  concenlraled  nilric  acid  lo 
ethyl  sulphuric  Rcid,  C:,HjO ,  SOjH  (p.  144). 

lis/™./ !a/f.  {C,H, . SU,l,Pb,  h  rtidily  soluble,  lis  ftor/aV,  C,!!, .  SOjCl,  boilsat 
177°.   Hi  mtiiy/ ei/er,  C,H,SO,CH,, boils  al  igS".    \\i t/Ayl titer,  C,H^.  HO,.  C,Hf, 

G.  Alkyl  Thioaulphuric  Acids. 

1.  Tbp  well  cry  slalliicd  nlkali  suits  of  these  acids  are  msde  by  scllDg  upon  alka- 
line hyposulphites  willi  primary  saturated  alkyl  iotlidrs  (It.  7.  646,  I157)  or  alkyl 
bromides  (B.  tS,  996) : 

C,HsI  +  NaS.aO,Na  =  C,HjS.SO,Na-i-NaI. 


C,H,SNa  +  NiSOjNtt  +  l,  =  C^HjS,  SO^Na  +  aNal. 

The  free  acids  are  no!  siable.  Mineral  acids  convert  sodium  etbyl  Ihiosulphate 
into  mercaptan  and  primary  sodium  sulphate.  Meal  breaks  dowo  tbc  salts  into 
disulpbides,  neui  ral  polusjum  sulphate,  and  sulphur  dioxide. 

H.  Tbe  Alkyl  ThioBulphonic  Aci^s. 

These  atids  are  only  stable  in  saUsand  esters.  They  are  formed  by  tbe  action  of  the 
chlorides  of  sulpbo- acids  upon  potassium  sulphide;  C,H6-S0,CI  ^-K,S  =  Ka  + 
C,H. .  SO, .  SK-  The  tilen,  R  .  SO,SR,  of  ihix  new  class  were  formerly  called  a/ty/ 
Jtmlpkoxitiis,  R,S,0,,  and  are  obtained  (l)  from  the  alkali  salts  by  the  action  of 
Ihe  alkyl  bromides  I B.  15,  laj) :  C.H^-  SO, .  SK  +  C,H,Br  =  CjHj-  SO,.  SC,H.  + 
KBr;  and  (z)  by  the  oxidation  of  merca|itant  and  alkyl  disulphides  with  dilute 
nitticacid :  (C,H,),S,  -f  O,  =  C,!!,  SO, .  SCjIIf,  These  estera  are  liquids,  insoluble 
in  water,  and  possessed  of  a  disgusting  onion-like  odor  (B.  ig.  1241,  3131).  Ethyl 
Tbiosulphuric  Ethyl  Ester.  C^Hi.SO,.  S.  C,Hi.  boils  at  ijo°-i4o°. 

I.  Bslcrs  dF  H^drosulphurous  Acid — Sulphinic  Acids.  Tvo  structural 
formulas  are  possible  for  hydrosulphuroui  acid :  H .  SO .  OH  and  |{>SO,.  Re- 
place one  hydrt^en  atom  and  the  sulphinic  acids  result,  t.g.,  (i)  C,IIg.  SO  .OH  or 

I.')  S">>so,. 

The  true  alkyl  sulphinic  esters  are  derived  from  the  first  formula.  The  sulphones 
can  be  referred  10  Ihe  second  formula  (p.  151).  The  sulpbinales  are  produced  as 
follows: 

(1)  By  the  oxidation  of  the  dry  sodium  mercaplides  in  ihe  air. 

(2)  When  SO,  acts  upon  ibc  line  alkyls,  the  sulphinic  acids  (their  line  salts) 

(3}  When  zinc  acts  upon  the  chlorides  of  the  sulphonic  acids : 


:j        C,H.SNa  +  iO  =  eH.SO-Na 

t     lC,fL),Zn  +  lSO,=  rtll,SO,l,Zn 

\)  lC,H^O,a  +  2Zn  =  t(^H,SO,],Zn  +  Z 


Tlie  snlraone*  {p.  151}  are  produced  in  Ihe  action  of  alkyl  iodides  upon  ihe 
■alkaline  suiphonatei,  while  the  rial  esttri  result  from  the  elherilicalion  of  the  acids 
B-Wilii  alcohol  and  hydrochloric  acid,  or  by  tbc  action  of  chtorcorbonic  esters  upon  the 
liiilpbinBtc»(B.  18,  S49J):  R.SO.Na  -f  Cl.CO.R  =  R  .SO.OR  +  CO,  +  NaCI. 
-.a  these  esters  are  saponified  by  alcohol  or  water  they  break  down  into  alcohol 
sulphinic  acid,  while  ihe  isomeric  sulphones  are  not  altered.  The  free  sulphinic 
i  are  liqoids ;  not  very  stable ;  they  rapidly  oxidiie  to  sulphonic  acids.  Potassium 
Hrmanganate  and  acetic  acid  convert  the  sulphinic  esters  into  sulphonic  esters  (H. 
ns.  l»iS)i  whereas  ihe  isomeric  sulphones  remain  unchanged. 
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4.  SELENIUM  AND  TELLURIUM  COMPOUNDS. 

These  are  perfectly  analogous  to  the  sulphur  compounds. 

Ethyl  Hydroselenide,  C^IL  .Sell,  is  a  colorless,  unpleasant-smelliDg,  vtrj 
mobile  liquid.     It  combines  readily  with  mercuric  oxide  to  form  a  mercaptidc. 

Ethyl  Selenide,  (C2H^)2Se,  is  a  heavy,  yellow  oil,  boiling  at  108^.  It  unites 
directly  with  the  halogens,  ^  ^.,  (CjHj^jScCl,.  It  dissolves  in  nitric  acid  with  for- 
mati{Hi  of  the  oxide,  (C^llj^jSeO,  which  yields  the  salt.  (CjHjj^ScC NOj"^,. 

J'ellurium  mercaptans  are  not  known.     Methyl  Telluride,  (CHjjjTe,  boils  at 

So-S2°,  ajKl  Ethyl  Telluride,  (C5H5),Te,  boils  at  137.5°.    They  are  obtained  by 

distilling  barium  alkyl  sulphate  with  potassium  telluride.     They  are  heavy,  yellow 

oils.      The  following  compounds  are  derived  from  them:  (CHj),Te(NO,),,  (CH,),- 

re(\,  (CHaVreO.  ((^113)3X6!,  (CI^jTe.  OH,  etc. 

Dimethyl  Tellurium  Oxide,  (CHj)|TeO,  is  a  crystalline  efflorescent  compound. 
In  properties  it  resembles  CaO  and  PbO.  It  reacts  strongly  alkaline,  expels 
ammonia  from  ammonium  salts,  and  forms  salts  by  neutralizing  acids. 


5.  NITROGEN  DERIVATIVES  OF  THE  ALCOHOL  RADICALS. 

A.     MONONITRO-PARAFFINS     AND    OLBPINBS,    HALOGEN      MONONITRO- 

PARAFFINS. 

l>y  iiitro-bodies  are  understood  compounds  of  carbon  in  which  the 
liydrogen  combined  with  the  latter  is  replaced  by  the  univalent  nitro- 
group,  iNOj.  The  carbon  is  directly  united  to  the  nitrogen,  as  the 
rcdiiclion  of  the  nitro-dcrivatives  yields  amido-compounds : 

R^  NO,  -h  611  =  R^  NHj  -f  2H,0. 

In  the  aromatic  series  the  hydrogen  atoms  of  the  benzene  nucleus 

arc  readily  replaced  by  nitro-groups,  e.g.  : 

CgHg  4-  NO.OII  ^  CJi^NOj  4-  H,0. 

Nitrobenzene. 

Comparative  rcfractometric  investigations  have  shown  that  the  nitro-gronp  in 
nitrotlhane,  and  that  in  nitrobenzene,  do  not  have  the  same  structure  (Z.  ph.  Ch. 
6,  552  ;  compare  p.  15^)).     See  B.  28,  R.  153,  upon  the  heat  of  combustion  of  the 

nitri>  piiraltins. 

( i)  I'atty  bodies  can  only  be  directly  nitrated  under  certain  con- 
ditions. This  is  i)articularly  true  when  the  substance  contains  a 
tertiary  carlx^n  atom,  e.  g.,  CHC'la,  chloroform,  or  isovaleric  acid, 
(CHaiX'H  .  CHj .  CO.^H,  etc.  Normal  hexane,  normal  octane,  and 
jarafiins  richer  in  carbon  have  been  nitrated  by  merely  heating  them 
to  130-140°  with  dilute  nitric  acid  (Konowalow,  B.  26,  R.  108;  B. 
28,  1863). 

(2)  A  common  method  for  the  preparation  of  the  mononitro- 
derivatives  of  fatty  hydrocarbons — the  nitroethanes — consists  in 
heating  the  iodides  of  the  alcohol  radicals  with  silver  nitrite  (K  Meyer^ 
1872) (A.  171,  I  ;   175,  88  ;   180,  iii) : 

C^Hjl  4  AgNO,  =  qilj .  NO,  -h  Agl. 


iskM.  sudinstyij.O.  NO.  arise  (B.  15,  tS47)  in  iWs 
From  Ihis  wc  would  infer  thai  sliver  nitriM  conducted  UseK  as  if  gptw- 
emly  consist iog  of  AgNQ,  and  Ag.O.NO.  (Potassium  nitrite  does  not  act  like 
AgNO,,t  Since,  however,  CH,I  only  yields  nitromethane,  and  the  higber  allcyl- 
iodides  decompose  more  readily  into  alkylens,  the  greater  (he  quantity  of  oitimis  acid 
esters,  it  would  appear  that  the  fonnalioa  of  esters  is  influenced  by  the  production  of 
Alkylens,  which  aflemaTd  form  esters  l>y  the  union  with  IINO^  (A.  180,  157,  and 
B,  g,  529).  Possibly  the  alkylogens  add  tbeniseives  directly  to  the  nitiogen,  or  rn 
consequence  of  an  upening-up  «f  the  double  N  ^  O  union. 

(3)  Simuluncously  with  the  discovery  of  method  2,  Kolbc  demonstrated  that 
nitromethane  resallcd  from  tbe  action  of  potassium  nitrite  upon  chlor-acelic  acid. 
The  lirst  product  in  this  instance  was  nitra*  acetic  acid,  which  broke  down  into  carbon 
dioxide  and  nitromethane  (J,  pr.  CU.  [2]  5,  427} : 


CH,C!.CO,H  - 


-  [CH,{NO,).CO,H]   - 


-  CH.NO,  +  CO., 


CH, .  CHBrNO, 


— ^  CH,.  CH(NO,) .  CH,.  Secondary  NItropropane. 


'  Properties  antf  lyanspositiens  of  the  Nitro-Paraffins. — The  nitru- 
paraffins  are  colorless,  agreeably -smelling  liquids,  which  are  sparingly 
sduble  in  water.  They  distil  wilhout  decomposition,  and  only  explode 
with  difficulty.  Their  boiling  paints  lie  considerably  higher  than 
those  of  the  corresponding  nitrous  esters  (p.  144). 

(_i)  Caustic  potash  and  soda  do  not  decompose  the  nitro-paraffins. 
They  readily  break  down  the  isomeric  nitrous  esters  (p.  144)  into 
nitrous  acid  and  alcohol.  It  is  remarkable  that  the  nitro-paraflins 
deport  themselves  like  acids,  thus  ditHeriag  from  the  halogen  substitu- 
tion products.  An  atom  of  hydrogen  in  them  can  be  replaced  by  the 
action  of  caustic  alkalies: 

CH,.CH,(NO,)  +  KOH  =  CH,.CHK(NO,)-l-  H,0. 

The  nitro-group  always  exerts  such  an  acidifying  intlucDCe  upon  tbe  hydrogen  in 
unitm  with  carbon.  It  is  further  increased  by  the  entrance  of  halogen  alomi  ornitro- 
groups.  Iiut  limits  itself  to  the  hydrogeo  atom  united  with  the  carbon  atom  carrying 
the  nitto -group. 

Thus  the  compounds;  CH, .  CHEr(NO,).  bromnilroethane.  CH,.CH(NO,l„ 
di-nitroethane,  CH(NO,y  nitroform,  etc.,  are  strong  acids,  while  CHj.  Cnr,( NO,) 
and  (CH,1,C(N0,),.  ^-dinitro- propane,  etc.,  possess  neutral  reaction  and  do  not 
comlnnc  with  bases.  The  acid  jiroperties  diminish  with  increasing  molecular  weight. 
From  aqueous  sniulions  of  the  alkali  saUs.  salts  of  ht^avy  metals  precipitate  metallic 
compounds,  which,  as  a  rule,  ei^plode  witb  great  violence. 

Nef  assumes  in  the  metal  derivatives  of  the  nitio.  paraffins  thai  the  metal  \i  com- 
■  lODcd  with  oxygen,  e.  £. .' 

CH,.CH  =  Ni 

X) 

ise  they  are  resolved  iiy  acids  into  aldehydes  or  ketones  and  nitrous  onide. 
II  carefully  treated  with  acids,  tbe  nitro.paraffins  can,  in  part,  be  regained  Iram 
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ihcir  iiurtallic  derivatives.     It  mi^rht  be  assumed,  therefore,  that  the  unstable  (Ubile) 
IxHiics  »>f  the  formula  RCH  :  N  v  when  liberated  from  their  salts  pass  over  into 

the  more  stable  variety   R .  CH, .  NO,.      The  deportment  of   phenyl   nitromethane 

rentier^  this  view  probable  ;  it  occurs  in  the  two  isomeric  modiBcations.  CH.CH.NO. 

O  -^    s       1      t 

amir.irCII.N  ,  (B.  29,  1223). 

(2)  Hy  gradual  reduction  the  nitrobodies  (V.  Meyer,  B.  24,3528,4243;  15, 
1714)  puNS  first  into  alkyl  hydroxylamiues  (p.  172)  and  then  into  primary  amines: 

Cir,N(),      -       ->CH,.NH.OH         >-CH,NH,. 

Nitroiiicihane.  Methyl  Hydroxylamine.  Methylamine. 

The  conversion  of  nitro-paraffins  into  primary  amines  proves,  as  indicated  before, 
that  tlie  nitroi^en  ot  the  nitro-^roup  present  in  them  is  linked  to  carbon.  For  nitro- 
nieihanc  we  h;ive  the  choice  between  the  following  formulas  (compare  B.  ag,  2263): 

/OH  CH,-NOH. 

(3)  The  varj'in^  deportment  of  the  nitro- paraffins  with  nitrous  acid  (better  NO,K 
and  II.SOJ  is  very  interestinj;,  according  as  the  nitro-group  is  linked  to  primary, 
secomiary,  or  tertiary  radicals. 

( )n  mixing  the  i>riniary  nitro  compounds  with  a  solution  of  NO,K  in  concentrated 
potassium  hydroxide  and  aiidin^  dilute  HjSO^,  the  solution  assumes  in  the  beginning 
an  iu!rn<f  rea  color  due  to  a  soluble,  red-colored  alkali  salt  of  a  nitrolic  acid. 

Ihc  nitro  conipf^unds  of  the  secondary  radicals,  when  subjected  to  similar  treat- 
ment, yield  a  dark  bliiif  coloration,  due  to  a  so-called  pseudo-nitrol : 

CH. .  C1I,X(),  4-  NOOH  =  CH,.  C^'  ^       -f  H,0 

^NO, 
Ethyl  Nitrofic  Acid 
(Nitro-acetoxime). 

((•II,),('HX(),  f  NOOII  -^  (CIl3),C..r^^^  -f  H,o. 

Propyl  Pseudonitrol. 

The  nitrocompounds  of  tertiary  radicals  do  not  react  with  nitrous  acid.  There- 
foic,  tiie  preceding;  reactions  serve  as  a  very  delicate  and  characteristic  means  of 
(li^iin;^uishin^  primary,  secondary,  and  tertiary  alcoholic  radicals  (in  their  iodides), 
fiom  one  another. 

(4)  Chlorine  and  bromine,  acting  upon  the  alkali  salts  of  primary  and  secondary 
niti«»  j)arafiins,  produce  chlor-  and  brom-nitro-substitution  products.  In  them  the 
hal«.)^(Mi  atom  is  joincil  to  the  same  carbon  atom  as  the  nitro-group. 

I' or  comi)ounds  resuliin^r  from  the  action  of  sodium  ethylate  and  the  alkyl  iodides 
uiKni  the  nitro-ethanes,  see  B   21,  R.  58  and  710. 

Zinc  ethide  converts  nitroethane  into  triethylamine  oxide  (B.  22,  R.  250). 

Primary  Mon.^-nitroparaffins :  Xitromethaui,  ClI,NOj,  boils  at  lOI®.  It  is 
isomeric  with  formhydroxamic  acid.  Sodium  and  potassium  nitromethane  explode 
witli  i^rcat  violence  when  they  arc  heated.  This  also  occurs  when  these  substances, 
tlried  in  a  desiccator,  come  in  contact  with  traces  of  water  (B.  27,  3406).  WTicn 
corrosive  sublimate  acts  upon  so<lium  nitromethane,  fulminating  mercury  is  produced 
(see  this).  By  the  action  of  caustic  potash  upon  nitromethane  or  of  hydroxylamine 
hydrochloride  upon  sodium  nitromethane,  Methazatic  Acidy  C^H^NjO,,  is  formed. 
It  is  a  monobasic  acid  of  unknown  constitution  (B.   29,  2288),  and  melts  at  79®. 


Nilreilhant,  CH, .  CH,NO„  boils  al  riJ-lH";  a  NUropropt^ne,  CH,.CIt-.. 
CH,NO„  boils  at  130-131° ;  mtre-normai  buiant,  CH, ,  CH,  ,  CH,  -  CH,NO,.  boils 
at  ISl";  NUro-uobulanf,  {CH,),CH .  CH.NO,.  boila  at  137-140°;  Nitra-nermal 
orfowf,  CH,.[CH,],.CH,.Na,  boiliwsos-iiz". 

&eendary  Monaititre-faraffins  •  liimitrBfropane.  (CH,),CHNO„  boils  at  I17- 
119°;   Secondary  mtrolHUanf,  '^|j''>CHNO„  boils  al  138'. 

Tertiary  Mono-nilre-faraffira :    Tertiary    Nitrobtilant.   (CH,],C.NO,.   boils  at 

Halegtm  Nitro-cempouHdi :  ChlorHiiremethaHe,  CH,C1(N0,1,  boils  at  izjO; 
Brom-nilra  methane,  CH,Br|NO,),  boils  at  146°  (li.  19,  l82j) ;  BrBm-nitrB-elhane. 
CH,.CHBr(NO,),boiUHll46-l47»;  o-*raw.HO'r,^rB/)a»?.CH,.  CH, ,  CHBr(NO.), 
boilsat  160-165°.  All  of  these  bodies  are  acids.  The  hydrogen  of  the— CHCHNO',] 
or  — CHBr(N(),;  groap  ■&  replaceable  by  llie  alkali  melals. 

Systematically  considered,  ibe^  derivatives  belong  Id  the  aUehydes.  It  is  only 
because  of  their  geaetic  relations  that  Ihcy  arc  described  al  ibe  conclusion  of  the 
mono-nitro. paraffins.  Thas,  ^■brom-^-nilrofrppane,  (CH,),CBrNa.  boiling  at 
148-150".  belongs  after  acetone,  while  dihrBm-nitremethaHt ,  CHBr,(NO,j  (B.  29, 
1814),  dibromtiilToethani,  CH,CBr,(NO,>,  boiling  at  i6s°,  and  ditrBmmlrefrafanr, 
boiling  at  185°,  should  follow  iorroic  acid,  acclic  acid,  and  propionic  acid.  Nitro' 
rkhro/orm  or  cklotfienH,  CCl.NO,,  and  HilrotrBme/orm.  or  brompierin,  CBr,NO,, 
witl  be  discussed  alter  CCI,,  Cfir,,  CI,,  together  with  carbonic  acid. 

The  halogen  atoms  in  Ibe  chlor-  and  brom-nilro-paraEBas  can  be  replaced  by 
■Icobol  radicals  through  the  action  of  line  alliyls.  Thua,  higher  homologous 
mono-nitrO'paraffina  can  be  prepared  by  nucleus-syntheses  (p.  155). 

Nilreprepyleae.  CH,  =  CH .  CH,NO,,  from  Ihe  action  of  ailyl  bromide  or  iodide 
upon  Mlver  nitrite,  is  a  thick,  brownish  oil.  It  cannot  be  distilled  without  decom- 
position even  under  much  diminished  pressure.  In  every  other  respect  it  manifests 
the  cbttracterislic  tiebavior  of  a  primary  nitra-body  (B.  35.  1701). 

^.a^t-.—NitroUc  Acids  and  PseuJonilrBli.—Theie  two  classes  of  denTatives  will 
^V  be  treated  at  this  point,  although  the  oitroUc  acids  belong  after  Ihe  mono-carboxylic 
^V   acids,  into  which  they  readily  pass,  as  well  as  the  imido-smides  or  amidincs  and  Ihe 

I 


/OH  /NH,  /NO,  /NH, 

CHjCC  CH.C''  CH,CC  CU,CC 


Ettiyl-nilro; 


{CH,),CO       (CH,),C<^J^»      (CH,),C  =  N ,  ONO,       tCn,),C  =  NOH 

Acetone.  ■ . . •  Acctoiiaie, 


/NO 
CH,.CBr,(Nr>,)-f  H,N-OH  =CH,.r.C  +  iHBr. 

"".X.OII 
-e  ihey  are  to  be  regarded  as  nilru-Dximei. 
The  nitrolic  acids  are  solid,  crystalline,  colorless,  or  fiilntly-yellow  colored  bodies, 
*  te  in  water,  alcohol,  ether,  and  chloroform.     Tliey  are  strong  acids,  and  form 
with  alkalies  which  are  not  very  stable,  yielding  at  the  same  lime  a  dart  redeoUr. 
..  ,  are  broken  up  into  liydroxytamine  and  the  corresponding  fatty  acids,  by  tin  and 
[Klrochloric  acid.     When  lieaicd  wiih  dilute  sulphuric  acid  they  split  up  into  oxides 
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of  nitrogen  ^Xi^  fatty  acids.  They  yield  their  esters  when  treated  with  acid  chlorides 
(1>.  27,  1600;  29,  1218). 

/NO, 
Methyl  Nitrolic  Acid,  CH4^  ,  fuses  at  64®. 

^N .  OH 
/NO, 
Ethyl  Nitrolic  Acid,  CH, .  C^  ,  melts  at  81-82°. 

^N.OH 

/NO, 
Propyl  Nitrolic  Acid,  CH,  .  CH, .  Ccv  ,  melts  at  6o<>,  with  decompositioo. 

^NO .  H 

Pseudonitrols. — The  pseudonitrols,  isomeric  with  the  nitrolic  acids,  arc  formed 
(i)  by  the  action  of  nitrous  acid  upon  the  secondary  nitro-paraffins  (sec  p.  156) : 

(CIl3),CH(N0,)  +  NO .  OH  =  (CH,),C<^^»  -f  H,0. 

Isotiitro-propatie. 

They  are  to  be  viewed  as  nitro-nitroso  compounds.  They  are  more  easily  produced 
(2)  by  the  action  of  NjjO^  upon  ketonoximes  (see  these)  (B.  2X,  507) : 

^[Q\\^\C :  X  .  OH  -h  3NA  =  4(CH,),C<JJ^»  +  2H,0  -f  2NO. 

'Ihev  arc,  in  all  probability,  the  nitric  acid  esters  of  the  acetoximes,  (CH-)-C  = 
N.6.  NO,  (B.  21,  1294). 

The  ])seu(loniirols  are  crystalline  bodies  with  pungent  odor,  colorless  in  the  solid 
coniiition,  but  exhibiting  a  dffp  blue  color  when  fused  or  dissolved  (in  alcohol,  ether, 
cliloroform).  They  show  a  neutral  reaction,  and  are  insoluble  in  water,  alkalies,  and 
acids.  Dissolved  in  glacial  acetic  acid,  they  are  oxidized  by  chromic  acid  to  dinitro- 
iOfnf>oufiJs. 

Wlien  reduced  by  hydroxylamine  in  alkaline  solution,  they  are  changed  to  ketox- 
imes  (15.  29,  88,  98) : 

((TI3), .  Q.:^^ >  (CH3),C  =  N .  OH. 

NO 
Propyl  Pseudonitrol,  (^113)20-;  t..  A  nitro-nitroso-propane,  melts  ai  76®. 

Butyl  Pseudonitrol,   .- .  .•\>C<^.  .2,  melts   at   58°.      Consult   B.  29,  94,  for 

higher  liomologues. 

Dinitro-paraffins. — There  are  three  classes  of  dinitro-paraffins.  The  two  nitro- 
groups  are  joined — 

(1)  to  one  terminal  carbon  atom:  (j2-^«w//r<?-/r7r^^//j  or  primary  dinitro-corapounds ; 

(2)  to  an  intermediate  carbon  atom:  mcsodinitroparaffins  or  secondary  dinitro- 
com  pounds; 

(  >)  to  two  dilTercnt  carbon  atoms. 

These  three  classes,  according  to  the  position  of  the  groups,  bear  the  same  relations 
to  aldehydes,  ketones,  and  glycols  as  the  mono-nitro-paraffins sustain  to  the  alcohols: 

CILOH  CHO  CO  /CH.OH 

I  I  A,  CH,^ 

CHj  CH3  CH3CH,  ^CHjOH 

CILNO2  CII(NO,),  C(NO„L  /CH,NO, 

I  I  A  CH,^ 

CII3  CH3  CH3CH3  ^CHjNO, 

Notwithstanding  these  points  of  relationship,  it  is  practicable  to  discuss  the  dinitzo- 
paraffins  after  the  pseudonitrols. 


(t:H.),c<JJ0.. 


I 


CH,CHBt{NO,)  +  KNO,  =  CH, .  CH<j;.J 

3)  By  the  actioD  of  cancentraled  aitiic  acid  upon — 
(a)  secondai?  alcoholi, 
ii)  ketorCB, 

{t)   mono-fllkj-lii-ed  aceto-«cetic  esters, 
the  carbon  chain  is  torn  asuodet  and  uydinilrc-fora^ns  k 


c  and  the  brom-ai 
f  KBr. 


(C,H,),CHOH 

(C,H,),CO 

CH,CO,CH(C,K,)CO,C,H,- 


-  CH,.CH,.ClI(NO,), +  CH,  ,CO,n 

-  CH, .  CH, .  CHiNO,),  +  CH, .  CO.H 

-  CH,.CH,.CH  N0,),  +  CH,.C0,H+CO,. 


I 
I 


(4)  By  the  oxidadon  of  aaluraled  mono •carboxy lie  acids,  coDtaining  a  tertiarj 
carbon  alam,  with  nitric  acid :   isobulytjc  and  isovaleric  acidi  yield  mtst-JinUiv- 


(CH,),CHCO,H  {CH,),CH .  CH, .  CO,H  - 


-  lCH,),C{NO,),. 


Tbe  pntniry  dinitro-bcxiies  are  acids,  The  primary  itid  secondary  classes  split 
off  hydroiylamine  when  they  are  reduced  with  tin  and  hydrochloric  acid.  The 
feimer  yield,  at  the  same  lime,  mono  caiboiylic  acids,  aod  the  latter  keloties.  This 
deportment  led  to  tbe  consideration  of  the  following  structural  formulas  (or  tbe  two 
classes  of  dinilro-deiiTalives  (B,  13,  3494) : 


,cC 


CU,C(  for  CH,,CH(NO,), ;  (CH.),C=N<  for  (CH,),C(NO,),. 

^N_O.NO,  ^O 

i-DiHitroelhone,    CFI,.CH(NO,)„    boils   at   iSs-iSfi";    i.i-Diiitrafro/Hinf, 
""     '~'"—"  ■    ■    •      ■ -"  ->         -   ••' iijtiiAtJiaHtbo\\sai2i2°.    x,i'Dinil/v- 
d  boiU  at  185,5°.     i,i-Dmilieiutaiit, 
,      .      ...        -.  -,  „  ioloBQes,see  fl.  19,95.     The 

oolyu-,  ly-,  or  t.l-Dinitrofirof-He,  NO,CH,  .  CH,.  CH,NO„  having  the  two  nitro- 
groups  attached  to  different  carbon  atotns,  is  an  unstable  oil  obtained  by  the  action 
of  AkNO,  upon  Irimethylene  iodide  (B.  15,  2638). 

Of  the  poly- oitni- derivatives  of  metbanc  there  remain  nitreferm,  CH(NO,t,.  to  be 
considered  after  chloroform,  bromoform,  and  iodoform  in  connection  vitb  fonnic 
•eid,  hromnilrnferm,  C(NO,l,Rr,  and  tttramiremflkant.  C(NO,)„  which  will  come 
^.«p  for  coosideralion  under  carbonic  acid,  followmg  cblorpicrin  and  brompicrin, 


ac' 


B,    ALKVLAMINES  AND  ALKYL  AUMONIUH 

Alkylamines  are  Ihose  bodies  which  result  from  the  ii 
inivalent  alky!s  into  ammonia  for  its  hydrogen. 
One,  two,  and  three  hydrogen  atoms  of  the  a 
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suffer  this  replacement,  thus  yielding  the  primary^  secondary,  and 
tertiary  amines : 

N^H  ^      n:1c,h*       N:lck/         n::1c,h*       n/c,h. 

\H  \f^    *  \H  \c1hJ  \ck/ 

Ethylamine.        Diethylamine.  Methyl  Triethylamine.      Methyl-ethyl- 

Ethylamine.  propylamine. 

These  are  also  sometimes  called  amide,  imide,  and  nitrile  bases. 
Under  the  imide  and  nitrile  bases,  the  secondary  and  tertiary  amines, 
we  distinguished  simple  amines,  those  with  similar  alcohol  radicals, 
and  mixed  amines,  those  containing  different  alcohol  radicals;  com- 
\)2C[t  simple  and  /«/jc<f// ethers  (p.  132).  Derivatives  also  exist  which 
correspond  to  the  ammonium  salts  and  hypothetical  ammonium 
hydroxide,  NH^OH  : 

(C,II,),NC1  (C,H5),N.OH 

Tetraethyl  Ammonium  Chloride.  Tetraethyl  Ammonium  Hydroxide. 

These  are  the  quaternary  alkyl  ammonium  compounds. 

Isomerism  of  the  Alkylamines, — The  isomerism  of  the  simple  alkyl- 
amines  depends  upon  the  homology  of  the  alcohol  radicals,  metamerism; 
and  in  the  higher  alkylamines,  in  addition,  upon  the  different  [X)sition 
of  the  nitrogen  in  the  same  carbon  chain,  isomerism  of  position;  and 
also  upon  the  different  manner  of  linkage  of  the  carbon  atoms  of  the 
isomeric  alkyl  residues,  nucleus  isomerism  (p.  41). 

There  are  seven  isomerides  of  QH^N : 

rr.iig  rC3H,  rc.H. 

N  \\\  N  ^  CHj  N  \  CH, 

III  (H  (CH, 

4-Isomeric  Butyl-  2-Isomeric  Propyl-  Ethyl-dimethyl 

amines.  methylamines.  Amine. 

History. — The  existence  of  alkylamines,  or  alcohol  bases,  was  very  definitely  pre- 
dicted by  Liel>ig  in  1S42  (Hdw.  i,  689).  In  1849  VViirtz  discovered  a  method  for 
the  preparation  of  primary  atnines.  It  consisted  in  decomposing  isocyanic  ether 
with  caustic  potash.  Ihis  was  a  discovery  of  the  greatest  importance  for  the  devel- 
opment of  organic  chemistry.  Shortly  after,  in  1849,  A.  W.  Hofmann,  by  the 
action  of  alkylogens  on  ammonia,  discovered  a  reaction  which  made  possible  the 
preparation  of  all  the  classes  described  in  the  preceding  paragraphs:  primary^  secon- 
dary^ tertiary  amines,  and  the  alkyl  ammonium  bases.  This  afforded  the  experimental 
basis  for  the  introduction  of  ihe  ammonia  /'^'/^  into  oi^nic  chemistry  (compare  p.  35). 
Since  that  time  numerous  other  methods  of  preparation  have  been  found,  particularly 
for  the  primary  amines. 

The  following  general  methods  are  the  most  important  for  preparing 
the  above  compounds: 

(i  (j)  The  iodides,  the  bromides,  or  the  chlorides  of  the  alcohol 
racbrals  are  heated  to  100°,  in  sealed  tubes,  with  alcoholic  ammonia 
(A.  JF.  Hofmann,  1849).  Two  reactions  occur  here :  first,  the  alkyl- 
ogcns  combine  with  the  ammonia,  forming  alkyl  ammonium  salts, 
which  then  are  partially  decomposed  by  excess  of  ammonia,  with  the 
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[  produclion  of  alley lamines,   to  which  alkylogens  again  uniie  ihera- 
■clves — e.  g.  : 


NH,  +  C,H,I  =  NH,(C,H,)HI  - 
NH,C,H,  +  C,H,I  =  NH(C,I  [j),HI 
NH((^H.),  +  C,H,I  =  N(C,H,),HI      - 

NtCjHj),     +  C,Hil  =  N(C,Hsl,I. 


KNH,C,Hs    +NH.I 
>-NH(C,H,), -t-NH,! 

»-N(C:,H,),     +NH,I 


I 


The  linal  product  consists  of  the  hydro-iodides  of  primary,  secon- 
dary, and  tertiary  amines,  and  of  the  amide,  imidc,  and  nitrile  bases,  as 
well  as  the  quaternary  ammonium  compounds.  The  amines  are  best 
olitained  on  a  large  scale  by  the  action  of  ammooia  upon  the  alky) 
bromides  (B.  22,  700). 

Potassium  and  sodium  hydroxides  decompose  the  salts  of  the 
amine,  imide,  and  niirile  bases,  with  the  splitting-off  of  the  free 
bases,  whereas  ihe  quaternary  tetra-alkyl  ammonium  salts  are  not 
decomjiosed  by  caustic  alkalies,  and  can  thus  be  easily  separated 
from  the  primary,  secondary,  and  tertiary  amines  (B.  20,  2224). 

It  is  remarkable  thai  the  primary  antl  secondary  (P.  aa,  R.  343)  alkyl  iwlides 
yield  al  the  aame  jime  secondary  and  (cniary  amines,  while  Ihe  lerliiiry  alkyl  iodides 
do  Dol  fono  Binines,  but  split  off  hydrogen  iodide  and  pass  into  olefines. 

(I  i)  The  islirs  of  nitric  arid,  when  healed  lo  loo°  wlih  alcoholic  ammonia,  react 
ID  a  manner  analogous  to  the  alky!  iodides: 

C,lii.O.NO,  +  NH,  =  c:,Hb.NH,  +  HNO,. 

Tills  leadioa  is  oflen  Ter?  convenieal  for  the  prepantion  of  tbe  primary  amines 
(B.  14.  421). 


(C,H,),SH  -\-  cn,OSO,K  =  lC,llj),NCH,  -f-  H0SO,K. 

(l  (/)  Mono-,  di-.  and  iri-alkylamtnes  are  obtained  by  directly  healing  the  alcohols 
lo  2SO-300'  wilh  liQC-ammonium  chloride  [B.  17,  640). 

(2)  By  action  of  nascent  hydri^eo  (IICI  and  Zn)  upon  Ihe  n it ro- paraffins  (p.  156}, 
wbeti  the  alkyl  hydroxyl amines  appear  as  inlermtdiate  products,  and  upon  the  halo- 
gen noDO-aiiro- paraffins : 

CH.NO,  4-    4H  =  CH,NHOH  -|-  H,0. 

iCH,.NO.-f    6H=CH,.NH,     +  aH.O. 
I  CCI,NO,  -)-  1211  =  CH.NH,       +  2H,0  +  jHCl. 

'  This  method  is  particularly  important  in  the  maoufaclure  of  commercially  valuable 
primary  aminei — e.  g.,  aoiline — from  the  readily  accessible  aromatic  nitro-bodics. 
Zinin  discovered  ibe  method  when  investigating  Ihe  reduction  of  nilrobcnicne, 
C,H,NO-.     V.  Meyer  applied  it  lo  the  aliphatic  nilro- derivatives. 

(3  1)  By  the  action  of  sodium  in  absolute  alcohol  upon  the  aldihydt-alkylimidfs 
(B.  sg,  itio]  ;  (3  i)  when  zinc  dost  aod  hydrochloric  acid  are  allowed  lo  ad  upon 
■Idebyde  ammonU  derivatives  (li.  a?,  R.  437);  (3')  f"*"  ^^  phmylhydratimrs 
(Tafel],  and  (3  d')  the  oximts  (Gotdschmidi)  of  Ihe  aldehydes  and  ketones  by  meani 
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of  sodium  amalgam  and  glacial  acetic  add  (B.  19,   1925,   3232 ;  20,    505  ;   aa, 

1S54; : 

(CH,),CH  .  Cn  =  N(CH,)  -f  2H  =  (CH,),CH  .  CH, .  NHCH, 
(CH,) .  cn  :  N— NH  .  C^Hj  -h  4H  =  CH, .  CH,NH,  -|-  C^H^NH, 
(CH8),C :  N— NH  .  C,H.  -r  4H  =  (CH,),CHNH,  -f  C^H^NH, 
(CH,),C :  N— OH  +  4H  =  (CH,),CHNH,  -j-  H,0. 

Reaction  3  a  yields  secondaiy  amines,   while  3  ^,  3  r,  and  3  </  aflbrd  primary 

amines. 

(4)  By  the  action  of  nascent  hydrogen  (from  alcohol  and  sodium, 
B.  18,  2957  ;  19,  783  ;  22,  1854)  upon  the  nitriUs  or  alkyl  cyanides 
(Mendius,  A.  121,  129):       * 

HCN  +  4II  -  CHjNH, ;  CH,  .  CN  -f-  4H  =  CH,  .  CH,  .  NH,. 
Metbylamiue.        Acetoaitrile.  Ethylamine. 

The'  reaction  constitutes  an  important  intermediate  factor  both  in  the  synthesis  of 

alcohols  (p.  113)  and  of  amines. 

(5)  Warm  the  isocyanides  of  the  alkyls,  the  isonitriles, or  carbylamines  with  dilute 
hydrochloric  acid ;  formic  acid  will  split  off  (A,  IV.  Hofmann)  : 

C.Hj .  NC  +  2H,0  =  CjHj.  NH,  -f  CH,0,. 

{Go)  The  esters  of  isocyanic  or  isocyanuric  acid  ar» distilled  with 

potassium  liydroxide  {^WiirtZy  1848): 

CO :  N  .  CH3  -}-  2KOH  =  NH, .  CH,  +  CO,K,. 
Cyanic  acid  is  changed  to  ammonia  in  precisely  the  same  manner: 

CO :  XH  -h  2KOH  =  NHj  +  CO,K,. 

To  convert  alcohol  radicals  into  corresponding  amines,  the  iodides  are  heated 
t()^<'ih(  r  with  silver  cyanate  ;  the  product  of  the  reaction  is  then  mixed  with  pulver- 
i/f<l  caustic  soda,  and  distilled  in  an  oil  bath  (B.  10,  131). 

(<)/;j  The  isothiocyaftic  esters  or  the  mustard  oilSy  etc.,  are  also  broken  down  into 
j)iimary  amines  by  heating  with  water  or  dilute  acids: 

CS :  N  .  C2H5  -f-  2HjO  -^  CO,  -i-  H,S  -f  CjHjNH,. 

(6  ,)  The  isocyanic  e->ters  and  the  isothiocyanic  esters  or  mustard  oils  are  alkyl 
derivatives  of  the  iinide  of  carbonic  acid,  and  thiocarbonic  acid.  The  alkyl  com- 
l)ound.s  of  the  inii</e  of  o  phthalic  acid  (see  this)  have  shown  themselves  to  be  well 
adapted  for  the  j)reparation  of  primary  amines.  They  are  readily  prepared  by  acting 
upon  j)otassium  phthalimide  with  alkyl  iodides.  When  heated  with  potassium 
hydroxide  or  acids,  they  separate  into  phthalic  acid  and  primary  amines  (Gabriel,  20, 
2224  ;    24,  3104)  : 

I  [i](0     ^      *^'OH  ,  r  ri]CO     ™  QHsI  f  [ilCO 

^  VI*  {  [!j!x!     ^'  •  ^^^^5  \-  2KOH  =  C,H,{  [^j[.g^|;[  +  C,H,NH,. 
(7)  liy  the  distillation  of  amin-  or  amido-acids,  especially  with  bar3rta: 

CI  I3  .  CH<^5^»^^  ---^  CH3  .  CHjNH,  f  CO,. 
Alanine.  Ethylamine. 
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(8)  The  aplitlitig  up  of  (lie  secondary  and  terliary  H] 
|«alts  of  tiiinuvphtnul   (see  this),  by  means  of  cai»tic  potiuli,  atTordi  a  means  of 
I  jn-pporine  primary  and  secondary  aminet ;  p-oilro-sod-diiDelbyl  anilincytelds  dimethyl 

NO[4]C,n,[i]X(ClI,),  +  KOH  =  NH(CtI,),  +  N0[4]C,II.[i]0K. 

{9)  The  conversion  of  the  amides  of  the  monocarboxylic  acids,  by 
I  means  of  causlLc  potash  and  bromine,  into  amines,  containing  an 
I  atom  less  of  carbon  (A.  W.  Hofmanii,  B.  18,  2734;  19,  1822). 

This  reaetioo  consiiiulca  an  intenncdiate  »lep  in  ihe  breBk-dowo  of  ihe  saturated 
monocarboxylic  acids,  because  the  primaiy  amices  can  be  changed  to  alcohols,  and 
the  latter  be  oxidized  to  carboiylic  acids,  containing  an  atom  less  of  carbon  than 
■he  fatty  acids,  whose  amides  constituted  the  starling  out  material. 

The  reaction  proceeds  in  two  phases,  the  first  of  which  is  the  forma- 
tion of  the  brom  amide  of  the  fatty  acid,  and  the  second  step  the  con- 
rrsion  of  this  new  derivative  into  the  primary  amine : 

C,H,.CO.Nn,  -i-Bf,  +  KOH  =C,H.  .CO.  NHBr  +  KBr  +  H,0 
C,H,.CO.NHBr  +  3K0H  =  C,H,.NHj  +  CO,K,  +  KBr  +  H,0. 

When  I  molecule  ofbramlne  and  z  molecules  of  the  amide  react,  the  product  con- 
sisEs  of  mixed  ureas  ;  thus  acctamide  yields  mi^thyl  aceto-iErt^a. 

The  fatly-acid  amides,  with  mote  tlian  5  C-aioms,  not  only  yield  amines,  but  also 
large  quanliues  of  tbc  nilriles  of  the  next  lower  acids  : 

I  C;H„  .  CO .  NH,  yields  C^H^ .  CN. 

I  (10)  From  acid-u/i.les  and  alcohol.  The  corresponding  acid  is  converted  into  an 
MIer,  the  oxyethyl  group  is  then  replaced  with  (Nil .  NH,)  by  means  of  bydraiine 
hydrale,  the  acid-azide.  R  .  CO  .  NK  -  NI 1,,  is  changed  by  nitrous  acid  into  ihe 
Bzide  R  .  CO .  N,,  the  latter  is  boiled  with  water  or  alcohol,  and  the  resulting  urea  or 
urelhane  acted  upon  with  concentrated  hydrochloric  acid,  when  Ihe  alliyiiicd  base 
splits  off  (Cuilius,  B,  37,  7791  ag,  1166), 

L  R.CO.N,  -^^^-^R.NH.CD.ON.Hj  -    ""     >  R.NH,. 

F  Properties  and  TransposiHens  of  the  Amines. — The  amines  are  very 
similar  to  ammonia  in  their  deportment.  The  lower  members  are 
gases,  with  ammoniacal  odor,  and  are  very  readily  soluble  in  water; 
their  combustibility  distinguishes  them  from  ammonia.  This  was  the 
property  that  attracted  WUrtz  to  ethylamine  (B.  30,  R.  928).  The 
higher  members  are  liquids,  readily  soluble  in  water,  and  only  the 
highest  are  sparingly  soluble.  Many  amines  possess  the  power  of 
forming  hydrates  with  water,  accompanied  by  very  considerable  rise 
in  temperature.  They  can  be  dried  over  potashes.  Most  of  the  oily 
hydrates  contain  a  molecule  of  water  for  each  nitrogen  atom.  This 
can  only  be  removed  by  means  of  caustic  potash  (B.  vj,  R.  579),  or 
by  distillation  over  barium  oxide.  Like  ammonia,  they  unite  directly 
with  acids  to  form  salts,  which  differ  from  ammoniacal  salts  by  their 
solubility  in  alcohol.     They  combine  with  some  metallic  chlorides. 
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(3)  Primary  and  secondary  amines  combine  with  many  inorganic 
and  organic  acid  anhydrides — e,  g.,  sulphur  trioxide,  acetic  anhy- 
dride— to  form  amic  acids,  and  are  then  transposed  into  acid  amides. 

(4)  The  deportment  of  the  amines  toward  nitrous  acid  is  very  char- 
acteristic. Primary  amines  are  changed,  at  least  in  part,  by  this  acid 
into  their  corresponding  alcohols  (p.  113)  : 

CjHjNH,  -f  NO.OH  =  CjHjOH  -f-  N,  -f-  H,0. 

This  reaction  corresponds  to  the  decomposition  of  ammonium  nitrite 

into  water  and  nitrogen  : 

NH3  -f  NO .  on  =  H,0  +  N,  -h  H,0. 

Frequently,  instead  of  the  expected  secondary  alcohols,  those  of  the 
tertiary  class  are  produced  (B.  24,  3350). 

Nitrous  acid  converts  the  secondary  amines  into  mtroso-atnines  (p. 

170): 

(CHs^NH  -f  NO  .  OH  =  (CH,),N.  NO  4-  H,0; 

Nitroso-dimethyUmine. 

whereas  the  tertiary  amines  remain  unaltered  or  undergo  decomposi- 
tions. Indeed,  these  reactions  may  be  utilized  in  the  separation  of 
the  amines,  when  naturally  the  primary  amines  are  lost. 

(5)  Another  procedure,  furnishing  a  partial  separation  of  the  amines,  depends  on 
their  varying  behavior  toward  carbon  disulphide.  The  free  bases  (in  aqueous,  alco- 
holic, or  ctliereal  solution)  are  digested  with  CS,.  when  the  primary  and  secondary 
amines  form  salts  of  alkyl  dithiocarbaminic  acid  (see  this),  while  the  tertiary 
amines  remain  unaffected,  and  may  be  distilled  off.  On  boiling  the  residue  with 
HgC  1.^  or  FeC'l^,  a  ])art  of  the  primary  amine  is  expelled  from  the  compound  as 
mustard  oil  (A.  \V.  Hofmann,  B.  8,  105,  461 ;   14,  2754;  and  15,  1290). 

(6 )  A  marked  characteristic  of  the  primary  amines  is  their  ability 
to  form  cathyltunifics  (see  these),  which  are  easily  recognized  by  their 
odor  (A.  W.  llofmann,  B.  3,  767). 

(7)  r.y  the  action  of  CI,  Br.  or  I  alone  or  in  the  presence  of  caustic  alkali,  pri- 

maiy  and  secondary  amines  yield  alkylamine  halides  (p.  169). 

(8)  The  amines,  when  heated  with  potassium  permanganate,  are  gradually  oxidized 
to  the  corres^xjnding  aldehydes  and  acids,  with  the  splitting-off  of  anunonia  (B.  8, 

»237). 

{(i)  Amines  and  Ammonium  Bases  with  Saturated 

Alcohol  Radicals. 

(i)  Primary  Amines. — Methylamine,  CHj.NH,,    occurs  in 

Mercurialis perennis  and  annua,  in  bone-oil,  and  in  the  distillate  from 
wood,  it  is  produced  from  the  methyl  ester  of  isocyanic  acid,  by  the 
reduction  of  chloroj)icrin,  CCl3(N0,),  and  hydrogen  cyanide,  and  by 
the  decomposition  of  various  natural  alkaloids,  like  theine^  cre€Uine^ 
and  morphine.  The  best  way  of  |)reparing  it  is  to  warm  brom- 
acetamide  with  caustic  potash  (see  p.  163). 


I 


ALKVLAMINES  AND   ALKVL  AMMONIUM    IIERJVATIVES.  167 

Methylaniine  is  a  colorless  gas,  with  an  ammoniaca!  odor ;  it  coii- 
I  denscs  Id  ihe  cnld  to  a  liquid  boiling  at — 6°.     lis  combustibilily  iu 

the  air  distinguishes  it  from  animonia.  At  12"  one  volume  of  water 
I  dissolves  1150  volumes  of  the  gas.     The  aqueous  solution  manifests  all 

the  properties  of  aqueous  ammonia,  but  docs  not,  however,  dissolve 
'   the  oxides  of  cobalt,  nickel,  and  cadmium. 

Mtlhyl  ammonium  picrali  diisolvea 

Ethylamine,  CiMj.  NH„  is  a  mobile  liquid,  which  boils  at  iS° 
I  and  has  a  sp.  gr.  of  0.696  ai  8°,  It  mixes  with  water  in  all  ptopor- 
I  tions.     It  expels  ammonia  from  ammoniacal  salts,  and  when  in  excess 

TCdissolves  aluminium  hydroxide;  otherwise  it  deports  itself  in  every 

resi>ect  like  ammonia. 

PropylBinioe.  C,H,.  NH,,  ^■(lils>l  49°;  iiopropylamine,  C,H.  .  NH,,  ulilained 
fjom  dimetiijl  aceto.ime,  (CHjl,C;  N  .  OH  (seep.  161),  boils  at  32°  (B.  ao,  505). 

The  higher  alkylamioeB  wiili  an  odd  number  of  carbon  nloms  ere  most  easily 
obuincd  froro  the  nilrilea  of  ihe  fally  acids,  C„H,„  +  ,CN  (p.  162,8.  aa,  812).  The 
alkylaminei  with  an  ercii  number  of  carbon  aloms  are  prepnred  from  Ihe  acid  amides 
{p-  163.  I),  ai,  2486I. 

Butylamine,  C,H,.NH,  (nornifll).  boils  8176=;  iaobutylamine.  C,1I,.  Nfl,, 
ohlained  frnni  fermenlalion  tnilyl  alcohol,  boiU  at  6S°. 

Tertiary  Butylamine,  Trimethyl  Carbinamine,  boils  at  43°. 

Normal  Aroylamine,  QH,, .  NH,.  boils  at  103°. 

Isoamylamioe,  CjH.[.  Nil,,  is  a  liquid  boiling  st  95";  it  is  olilained  from 
leucine  by  dislilUlion  with  caustic  polash.     Il  is  misciblc  with  waler,  and  bums  with 

Diethyl  carbinamine,  (C,H,),Cn  .  NH,,  bolls  al  90°. 

Din-propyl  carbinamine  (C,H,),CHNH,,  tioilb  ai  130°;  di-iao-butyl  carbina- 
mine. (C,H,),CHNH,.  melts  all6l]°.  All  these  are  obtained  from  the  corrEspooding 
ketoximes  by  redaction  nilh  sodium  and  alcohol  (B.  37,  R.  200), 

D.Nonylamine,  C,H„  .  NH,,  boils  at  about  195°,  and  is  sparingly  »olubk  in  waler. 

(i)  Secondary  Amines. — The  .secondary  amines  are  also  desig- 
nated imide  bases.     Simple  Secondary  Amtnti  : 

Dimethylamine,  NH(CH,>j,  is  most  conveniently  obtained  by 
boiling  nilroso-dimethyl  aniline  or  dinitro-dimethyl  aniline  with 
caustic  polash  (A.  333,  119)-  It  is  a  gas  that  dissolves  readily  in 
water.     It  is  condensed  to  a  liquid  by  cold,  and  boils  at  7.2°. 

Diethyl  amine,  NH(C,H,Oi.  is  a  liquid  boiling  at  56°,  and  is 
readily  soluble  in  water.  Its  HCl-salt  fuses  at  176°  and  its  picraCe  at 
'55°  (B-  29.  R.  590)- 

Di-n-prepylamJnt  boils  at  llo".  Diii''/<re/>y/amiiit  boils  at  84"  (B.  aa.  R.  343). 
Mixed  sectnidaiy  amines  are  producrd  by  methods  3a  and  3^.  Milhvl-tihvlamini 
boils  at  35°.  Mf/hyl-rt-propylamint  bo\\f,  at  63°.  Aftthyl'H-bulylamine'ixnXsM.gl''. 
Mitkylit-ktpiytamine  boils  at  171°  (B.  ag,  aiio). 

(3)  Tertiary  Amines. — These  are  also  called  mtrile  bases,  todis- 
linfjuish  liiem  from  alkyl  cyanides  or  add  nitriUs. 

Trimethylamine,  N'(CH,),.  This  is  isomeric  with  ethyl  methyl- 
amine,  C,H, .  NH  .  CH„  and  the  two  propylamines,  C,H, .  NH,.     It  is 
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present  in  herring-brine,  and  is  produced  by  distilling  betaine  (from 
the  beet)  with  caustic  potash.  It  is  prepared  from  herring-brine  in 
large  quantities,  and  also  by  the  distillation  of  the  **  vinasses"  of  the 
French  beet  root.  Trimethylamine  is  a  liquid,  very  soluble  in  water, 
and  boils  at  3.5°.  The  penetrating,  fish-like  smell  is  characteristic 
of  it.  Its  HCl-salt  melts  at  271-275**,  and  its  sparingly  soluble 
picrate  at  216°  (B.  29,  R.  590). 

Triethylamine,  N(C2tIj)3,  boils  at  89^,  and  is  not  very  soluble  in  water.  It  is 
produce<l  by  heating  ethyl  isocyanate  with  sodium  ethylate :  CO :  N .  C,H«  -f 
2C,n,.ONa  -  N(C,H5)3  -f  CO,Na,. 

(4)  Tetraalkyl  Ammonium  Bases. — While  neither  ammonium 
liydroxide  nor  mono-,  di-,  or  tri-alkyl  ammonium  hydroxides  have 
been  i)rei)ared,  yet,  by  the  addition  of  the  alkyl  iodides  to  the  tertiary 
aminos,  tetraalkyl  ammonium  iodides  are  produced  ;  when  treated  with 
moist  silver  oxide  they  yield  the  ammonium  hydroxides  : 

N(C,H5)J  -f  AgOH  =  N(C,H5),.0H  +  Agl. 

riiese  hydroxides  are  perfectly  analogous  to  those  of  potassium  and 
sodium.  They  possess  strong  alkaline  reaction,  sap>onify  fats,  and 
dcli(iuesce  in  the  air.  They  crystallize  when  their  aqueous  solutions 
arc  concentrated  in  vacuo.  With  the  acids  they  yield  ammonium 
salts  ;   these  usually  crystallize  well. 

On  exposure  to  strong  heat  they  break  down  into  tertiary  amines 
and  alcohols,  or  their  decomposition  products  (C^H,.  and  H,0) : 

NIQH,),.  OH  ---.  N(C,H,)3  -h  C,H,  -f  H,0. 

This  reaction  has  accjuired  special  significance  because  of  its  appli- 
cation in  the  decomposition  of  ring-shaped  bases  (see  piperidine 
or  pontamethylene  imide). 

Tctt'ivncthy I  Ammonium  Iodide  or  Tetramethy Hum  Iodide,  N(CH8)J, 
and  Tt'tracthyl  Ammoftium  Iodide  or  Tetraethylium  Iodide,  ^{Q^^^, 
tVom  trimethylamine  (triethylamine)  and  ethyl  iodide,  consist  of 
while  prisms  crystalli/ed  from  water  or  alcohol. 

Tetratnt'thylium  Hydroxide,  N(CHs)40H,  and  Tetraethylium  Hy- 
droxide, N(( -,,115)^011,  consist  of  deliquescent  needles  with  a  strong 
alkaline  reaction.  They  result  when  the  corresponding  iodides  are 
treated  with  moist  silver  oxide. 

loiiine  AUJitiou  ProJucts.  ~{V..^\^^\ .  I.^,  (CjH.)^NI .  2l,,  and  addition  products 
C()ntaiiiing  even  more  io<line  molecules,  are  precipitated  by  iodine  from  the  aqueous 
Solutions  of  the  letraalkyliuin  iodi<les,  e.  ^.,  tetraethylium  iodide. 

Of  the  numerous  compounds  belonging  here  we  may  mention: 

Dimethyl-diethyl  Ammonium  Iodide,   /p,,''/*  >  NI,  obtained  from  diracthyl- 

amine  and  ethyl  iodide,  and  from  diethylamine  and  methyl  iodide: 

(  H3  \  N  .  C,IIJ     and     C,IL,  \  N  .  CH3I. 
(VI J  CH3) 


ALKYLAM1NE5  AND    ALKVL  AMMONIUM    DERIVATIVES.  169 

These  iwo  compounds  >re  ideatica]  tA.  180,  173).  They  demoiislnile,  loo.  ihat 
the  aminoniam  compounds  ate  not  lUoWulor  dcrlvfllivts,  as  fonnerly  assumed  (the 
above  foiTUulij  are  only  intended  to  eihibll  the  diHereat  mnnner  of  rormilion),  but 
reprtscQt  true  atomic  compounds.  They  further  show  the  equivalence  of  the  fi»e 
nitrogen  valences  (compare  Le  Bel,  B.  23,  R.  147). 

For  Ihe  dissyiomeCry  and  ibe  appearance  ol  roulory  power  in  alkyl  derivaliTO 
of  ammoniam  chloride,  compare  Le  Bel.  B.  04,  R.  441,  who  succeeded,  by  use  of 

r—rm  vegetation,  in  changing  isobutyl -propyl -ethyl  methyl. ammonium  chloride  into 
oplicitly  active  modiHcation. 
{i)  Unsaturated  Amines  and  Ammonium  Bases. 
Vinylamine,  CH,  =  CH  ,  NH,.  boiling  al  55°.  is  only  known  in  solulion.      Il 
results  from  (he  action  of  silver  oxide  or  potassium  bydioxide  upon  brom-elby! amine 
(see  this).      It  unites  with  sulphur  dioxide  to  form  Taurini  (see  this) : 


CH,NH,      ^Q„        CH— NH,      sr),  CHjNH, 


— ' ^   1  '   H  "(1 — ^  I  Taurine. 

CH.Br  CH,  -  CH,S 


IViuylamine  is  a  Iransparenl  liquid  with  a  strong  ammouiacal  odor.      It  corrodes 
Aie  skin,  and  is  soluble  in  water.      Vinyl  Piirali  mAVi  »,\  Lyi"  (B.  38,  29Z9). 
TrimllhyUHnyl  Ammonium  Hydroxide  or  Niurint,  CH,  =  CH  .  N(CH,),OH,  is 
ifetcribed  after  glycol  with  choline,  to  which  il  is  intimately  related. 
^//r/ami'X',  CH,  =  CH.CH,.  NH„  from  mustard  oil  (see  this),  boils  m  58°. 
Isoallylamiai.  Ptcpenylamine,  CH,.CH=CHNH„   boils  at   67".     It  is  pro. 
duced  by  ihe  action  of  caustic  polish  on  ^-bromprapytamine  (B.  ig,  2747). 

Dim'lhyl  Fiffridine.  Ptnlallyt  Dimithylamitu,  CH,  =  CH .  CH,.CH,.. 
CH,.N(CH,),.  ll  is  a  decomposition  product  of  piperidine  (see  thisl.  Il  hoils  al 
1  I7-IIS°.  Tbis  and  similar  bases  lake  up  hydrochloric  acid,  and  when  heated  yield 
ammonium  chlorides  of  pyrrolidine  bases  (A.  378,  l). 

ProptiT^lamlni,  CH  =  C,CH,NH,,  from  dibromallylaminc,  CH,Br.CHBr,- 
CH,NH,.  and  alcoholic  potash,  is  probably  a  gas  in  a  free  condition.  It  could  only 
be  obtained  in  alcoholic  solution  or  in  the  form  of  sails  (B.  13,  3080). 

^m  (r)  Alkylamine  Halides. 

^H  These  bear  Ihe  same  relation  to  NCI,  and  Nl,  as  ihe  alkyUmincs  sustain  to 
^^P«inmonia.  The  alkylamine  chlorides  and  bromides  may  also  be  regarded  as  the 
^B^  amides  of  hypochlorous  and  hypobromous  acids.  Such  derivatives  are  produced  by 
ihe  action  of  chlorine,  bromine,  or  iodine  alone,  or  in  Ihe  presence  of  canstic 
alkalies,  upon  primary  and  secondary  amines  (6.8,1470;  9,146;  16,558;  33,  R. 
3S6;  A.  330,  III),  as  well  as  by  the  transposition  of  actldibromamide  (see  this) 
with  amines.  When  saponilied  Ihey  yield  hypocbloroos,  hypobromous,  and 
hypoiodous  acids  (II.  26,985) : 

CH,.CH,,CH,NH,     -    — J-CH,,CH,.CH,NHC1  >-CH,.CH,.CH,.Na, 

(CH,.Cf^CH,),NH  >  (CH,CH,CH,),NC1. 

The  primary  alkylamine  mono-halides  are  more  unstable  than  the  dihalides  and  the 
Mcondarj  halogen -amines, 

Milkytamint  Diiedidt,  CH,N1„  is  garaet-red  in  Color.  Dimrlhylamint  todidr, 
(CH|),NI.i*  sulphur-yellow  in  color.  Elkylamini  Dickloridt  is  an  unstable  oil.  with 
penelraling  odor,  and  bocU  at  8S-89''.  Fropylamint  Cli!eri.U.  C,H,NHC1,  volntiliies 
with  decooipoBition.  Propylamine  DichlKriJe,  C,II,NCI,,  is  a  yellow  oil,  lioiling  nl 
117'.  Difrnfylamim Ckhridf,  (C,H,),NCI,  boils  al  143°  (B.  8.  1470:  9,  14'^:  16, 
5581  13,  K.  386;  36.  R.  18S  ;   A.  23a,  Z32). 

Nilrilti  result  when  the  dibromides  of  the  higher  primary  alkylamines  are  treated 
with  alkalies. 
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{d)  Sulphur-containing  Derivatives  of  the  Alkylamines. 

1.  Tkiodia/kyiamtMesy  Thiotetralkyldiamines,  result  firom  the  action  of  SO,  u|x>n 
dialkylamines  in  ligrolne  solution.  Thiodiethylamtne ^  S[N(C,H2),],,  boils  at  87^ 
(19  mm.)  (B.  28,575). 

2.  Dithiotetralkylamines^  Dithiotetralkyldiamines,  result  from  the  action  of  S^Q, 
u]x)n  dialkylamines  in  ethereal  solution.  Dithiodimethylamine^  ^3[^(^^s)3]t>  ^ils 
at  ^2^  (22  mm.).     Dithiodiethylamine  boils  at  137**  (29  mm.)  (B.  28,  166). 

3.  Alkylthionylamines^  alkylized  imides  of  sulphurous  acid,  are  formed  when 
tliionyl  chloride  (i  mol.)  acts  upon  a  primary  amine  (3  mols.)  in  ethereal  solution 
(Michaelis  A.  274,  187): 

3CH3NH,  +  SOCl,  =  CHjN  =  SO  -h  2CH,NH, .  HQ. 

The  members  of  the  series  with  low  boiling  points  are  liquids  with  penetrating 
odor,  and  fume  in  the  air.  Water  decomposes  them  into  SO,  and  the  primary  amine. 
Thionylmethvlaminey  CHjNSO,  boils  at  58-59**.  Thionyl-ethylamitu  boils  at  70- 
75^.      Thionylisobutylamine,  (CH,^jCH  .  CH, .  N  :  SO,  boils  at  1 17®. 

4.  Thionyl  Dialkylamines,  Thionyl  Tetralkyldiamines,  are  formed  when  thionyl 
chloride  acts  upon  the  ethereal  solution  of  the  dialkylamines.  Thionyl Diethylaminey 
OS[N(C2Hj^)2],,  boiling  at  1 18**  (27  mm.),  corresponds  in  its  composition  to  tetra- 
ethyl  urea  (B.  28,  1016). 

5.  Thionamic  Acids  are  the  products  resulting  from  the  interaction  of  sulphur 
dioxide  and  primary  amines  :  C^HjNH  .  SO^H,  ethyl  thionamic  acid^  a  white  hygro- 
scopic powder. 

6.  Alkyl  Sulphamides  and  Alkyl  Sulphaminic  Acids.    Sulphamides,  ^.  ^. , 

'^^\     wJcH  '**  ^^^   formed   by   the  action   of   sulphiu'yl  chloride,  SO^Cl,,  upon 

NR 
the  free  secondary  amines,  whereas  their   chlorides,  SO,<^y-.|   *    result  when  the 

H CI  salts  are  employed.  Water  converts  the  chlorides  into  sulphaminic  acids, 
SOj  /)i^'^  (A.  222,  118).  SO3  reacts  similarly  with  the  primary  and  secondary 
amines,  forming  mono-  and  dialkyl-sulphaminic  acids  (B.  16,  1265). 

{/)  Nitroso-amines. 

All  basic  secondary  amines  (imides),  like  (Cn3)jNH  and  (C,H,),NH,  can  be- 
come nitroho  amines  through  the  replacement  of  the  hydrogen  of  the  imide  group. 
They  are  obtained  from  the  free  imides  by  the  action  of  nitrous  acid  upon  their 
aqueous,  etluTeal,  or  glacial  acetic  acid  solutions,  or  by  warming  their  salts  in 
aqueous  or  acid  solution  with  potassium  nitrite  (B.  9,  III).  They  are  mostly 
oily,  yellow  liquids,  insoluble  in  water,  and  may  be  distilled  without  suffering 
decomposition.  Alkalies  and  acids  are  usually  without  effect  upon  them;  with 
phenol  an<l  sulphuric  acid  they  give  the  nitroso-reaction.  W^hen  reduced  in  alcoholic 
solution  by  means  of  zinc  dust  and  acetic  acid  they  become  hydrazines  (p.  161). 
I>(.)ilinj:!j  hydrochloric  acid  decomposes  them  into  nitrous  acid,  and  dialkylamines. 
Dimethyl  Nitrosamine,  Nitrosodimethylin,  (CHj^^^-NG,  boils  at  148°, 
Diethyl  Nitrosamine,  (CjH5).jN .  NO,  Nitrosodiethylin,  boils  at  177**. 

(/)  Nitramines 

are  produced  by  the  action  of  concentrated  nitric  acid  upon  various  amide  derivatives  of 
the  primary  amines,  f.  x". ,  their  urethanes,  from  which  the  free  monoalkyl  nitramines 
may  i)e  obtained  by  splitting  off  ammonia  (B.  18,  R.  I46;   22,  R.  295) : 

CHjXIlCOjCH^ >  CH3N(N02)C02CH3 >  CH,  .  NH .  NO,. 

The  imide  hydrogen  atom  of  the  monoalkyl  nitramines  can  be  replaced  by  metals. 
Simple  and  mixed  dialkyl  nitramines  result  from  the  transposition  of  the  potassium 
alkyl  nitroamine  derivatives  with  alkylogens.  ]5y  reduction  of  the  dialkyl  nitramines 
with  zinc  dust  and  acetic  acid,  unsymmetrical  dialkyl  hydrazines  are  produced. 
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Methyl-nitramine.  CH,.  NH(NO,).  mdis  al  38-. 
NH[NO,).  nielli  nl  j".  Propyl -nilraro in c  boiU  i 
nitramine,  see  B.  iS,  K..  1053. 

SimfU  Dialiylniir^miaii:  DiMttkylniUamiiit,  (CH,),N.NO^  mt\li  aX.  58", 

',  ud  a  produced,  tigethcr  with  an  isoroeride,  boiling  at  112°,  by  the 

>f  moaD-methyl-nitiamine  (B.    ag,    K.    910),   as   ireli    as  upon  treating 

dimetbylamine  and  nitric  acid  wjtb  acetic  anhydride  [B  28,401).     Ditliyl-HilramiHt 

IwiU  at   tot".     Diprofiyl-Hilramiat  boiU  al  77'  (10  mm.}.     Jtfixn/ MlramtHa  .• 

9/tliy/tfiyftitraniiiu  boils  at  190°.      Metkyl-propyl-nilraviine  boila  al  115°  (40 

).      Mtlhylbutyl-Hitramint  melts  at  -f  0.;°    (B.    ag,   R,  424].      Mithylallyl- 

anint,  boiling  at  95°  (18  mm. ).  is  obtained,  together  with  an  isotneridc,  boiling 

"  {18  mm.),  by  the  ioleruclion  of  potassium  methyl-niLrBminc  and  allyl  bromide. 

(g)  Alkyl-hydrazines. 

the  amines  are  derived  from  ammonia,  NH„  so  the  liydra- 
ertved  from  kyiira&ine  or  diamide,  H,N — NH„  an  analogue 
of  liquid  hydrogen  phosphide,  H,P — PH,. 

Long  before  hydrazine  in  a  free  slate  was  obtained  from  tJiazo-acetic 
acid  (see  this),  its  derivatives  had  l)ecii  prepared  by  a  variety  of 
methods.  They  hold  an  important  place  in  the  benzene  series  (see 
phenylhydraziiie,  QH^.  NH  .  NH,)  (K.  Fischer,  A.  99,  281). 

Tlie  mone-alkyi  hyilraanei  are  obtained  from  the  mooo-alkyl  ureas,  NH, ,  CO  .  - 
NH.R,  nod  from  the  symmetrical  dialkylurens  by  their  conversion  into  nilroso- 
compounda.  and  tbe  lEduction  of  tbe  lallei  lo  bydraijnes  of  the  ureas  : 

CK,NH ^  f,„       „.  , ..      CH, ,  NH ^^„      .„ .       CH, .  NH -> ^-, 
Ch'nH  -"^^       '"*'''*  CH, ,  N  ^^°      "^  CH. .  N  >^° 

When  the  latter  are  heated  with  alkalies  or  acldg  they  split  up,  like  all  urea  deriv- 
atives, into  thtir  components,  CO,,  alkylamine  and  alkylbydTaiiDe.  They  reduce 
Fehling's  solulion  in  the  cold,  while  beat  is  necessary  to  elTecl  Ihis  when  using  tlie 
dialkyl  hydrniines.  In  this  re5pect  they  differ  from  the  nroincs,  »fhicb  ihey  so 
closely  resemble  in  properties. 

Methyl  Hydrazine.  CH,  Nil ,  NH„  isa  very  mobile  liquid, boiling  al  87".  lu 
odor  is  like  that  of  metbylamine.  In  the  nir  it  absorbs  moisiure  and  fumes  (B,  31, 
R,  670). 

Elbyl  Hydrazine,  (CjH^lHN.  NH„  boils  at  loo". 

Wben  ctbyl  hydrazine  is  acted  upon  by  potassium  disulphate, /a/mitttwi  tthyl 
hyde:ixine  sulphanJit,  C,H,.  NH— NH.50,k,  is  formed.  Mm:  uric  oxide  changes 
this  lo  polaainm  diaso-elAyl  mifhanale,  C,H, .  N  =^  N  .  SO,K.  This  is  the  only 
wellknown  representative  in  the  fatty-series  of  a  numerous  and  highly  Imponanl 
das*  of  derivatives  of  the  bcniene  series— the  diais-compBunih.  They  are  charac- 
leriied  by  the  diaso  grmtf,  — N— N — ,  which  is  in  union  with  carbon  radicals. 

%-Duukyl  hydraanrs  result,  through  the  action  of  hydrochloric  acid,  from  ihe  cor- 
responding diformyl  compounds,  which  are  the  reaction  prodBCts  of  alkyl  iodides  and 
lead  dtformyl-hydrazine.  s-Dirlhyl  Aydrasinr,  C,H,NH— NH  .  C,Hj,  boils  nt  85° 
(B.  37, 12791. 

The  uns-Dialkylhydrazines,  like  (CH,),N .  NH„  are  formed  by  the  reduction  of 
nitroso<amines  and  dialkyl  nilrainines  (B.  ig,  K.  414),  in  aqueous  and  alcoholic  solu- 

E(CHjl,N.NO  +  iH,  =  {CH,),N.Nn,  f  11,0. 
ins-Dimethyl     Hydrazine,    (CH,l,N.Nn,.    and     uns-Diethyl     Hydrazine. 
H,),N.NH,,  are   mobile    liqnids,  of  ammoniaca!  odor,  and    readily  sohible   in 
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water,  alcohol,  and  ether.  Diethyl  hydrazine  boils  at  97®,  and  the  dimethyl  com- 
I)ouncl  at  62°.  Thionyl  DiethyUiydraziney  (C,H5),N .  NSO,  boils  at  73®  under 
20  mm.  (B  26,  310). 

Dielhylhydrazine  unites  with  ethyl  iodide  and  yields  the  compound  (C,^!^)^.  - 

X  .  Nil , .  cy  Ijl,  which  is  to  be  viewed  as  the  ammonium  iodide ^  (C,H5)jN<f    ^* 

as  it  is  not  decomposed  by  alkalies,  and  moist  siWer  oxide  converts  it  into  a  strong 
alkaline  hydroxide.  Nascent  hydrogen  (zinc  and  sulphuric  acid)  decomposes  this 
iodide  into  triethylamine,  ammonia,  and  hydrogen  iodide. 

This  reaction  is  an  additional  proof  that  the  ammonium  compounds  represent 
atomic  derivatives  of  quinquivalent  nitrogen  (A.  199,  318). 

(h)  Tetra-alkyl-tetraxones. 

When  mercuric  oxide  acts  upon  diethylhydrazine,  tetraethyl-tetrazone^  (CjHj),^' .  - 
N  :  N  .  ^'(C^II^i.^,  is  formed.     This  is  a  strong  basic  liquid  with  an  alliaceous  odor. 
Ahthylbutyl-telrazone  l)oils  at  121®  (19  mm.)  (B.  29,  R.  424). 

(/ )  Alkyl  Hydrozylamine  Derivatives. 

The  entrance  of   one  alkyl  group  into  hydroxylamine  produces  two  isomeric 

forms : 

NIIj.O.CH,  and  CHj.NH.OH. 

a-Melliyl-liydroxylamine.  ^-Methyl-hyd^oxylaInine. 

The  derivatives  of  both  varieties  are  obtained  from  the  isomeric  benzaldoximes 
(see  these).  I'lie  /^compounds  are  formed  from  syn-meta-nitrobenzaldoxime  by 
alkylization  with  sodium  alcoholate  and  an  alkyl  iodide,  together  with  the  subsequent 
splitting  ofi  of  the  ether  by  means  of  concentrated  hydrochloric  acid  (B.  23,  599; 
26,  2377,  2514).  «  Derivatives  result  from  the  breaking  down  of  alkyl  benzhydrox- 
amic  esters,  and  the  /^ bodies  are  intermediate  products  in  the  reduction  of  the  nitro- 
paratitins  with  stannous  chloride,  or,  better,  with  zinc  dust  and  water  (B.  27,  1 350). 

a-Mi-thylhydroxyhimitie^  NHj .  ()  .  CH3,  Alfthoxylaniine^  yields  an  HCl-salt,  which 
melts  at  149°.  It  differs  from  hydroxylamine  in  that  it  does  not  reduce  alkaline 
co|)per  solutions. 

(I- Ethyl  hydroxylamine^  NH^.O.  CjH^,  Ethoxylamine^  boils  at  68®. 

{^'M/thylhydroxyhimine,  CII3.  NH  .  OH,  melts  at  41-42°,  and  boils  at  61-62° 
(16  mm.)  (15.' 23,  3597;   24,3528;  25,1716;  26,2514). 

^  EthylhyilrcxyloviineincXis  at  59-60°. 

The  action  of  ethyl  bromide  upon  ethoxylamine  produces  Diethylhydroxylamine, 
C^.H^ .  Nil  .  O  .  C2H5,  and  Triethylhydroxylamine ^  (CjH5)j.N.  O.  CjHj,  boiling  at 
9.S°  ( B.  22,  R.  590).  Triethylamine  Oxide^  (CjHj^jNiO,  an  isomeride  of  the 
latter,  has  l>een  prepared  by  the  interaction  of  zinc  ethide  and  nitroethane.  It  boils 
at  155°  (H.  22,  R.  250). 

(/(•)  Phosphorus  Derivatives  of  Secondary  Alkylamines  (B.  29,  710). 

1.  Did Ikylii mine  Chlorphosphines  are  formed  when  phosphorus  trichloride  acts 
upon  dialkylamines.  They  are  liquids  having  a  sharp,  penetrating  odor;  they  fume 
ill  the  air.  Dicthylaminc  Lhlorphosphine^  (CjIJ5)2N  .  rCl,,  boils  at  lOO**  (14  mm.). 
Di-isobiitylamine  Chlorphosphine  melts  at  37°  and  boils  at  Il6°  (16  mm.). 

2.  Dialkylaininc  Oxychlorphosphines. — These  result  when  phosphorus  oxychloride 
acts  upon  secondary  amines  in  ethereal  solution.  They  are  stable  in  the  air,  and 
possess  an  aromatic  odor  resembling  that  of  camphor  or  pepper.  Dialkylamine 
Oxyrhlorphosphine.  (C2H5).^N  .  POClj,  boils  al  loo°  (15  mm.).  Din-propylamine 
Oxychlorphosphine  boils  at  170°  (80  mm.).  Diisobutylamine  Oxy chlorphosphine 
melts  at  54°. 
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,.  Dialkyhminc  Sulpko-hh^-phaiphinti  result  from  the  imeraction  of  pht 
sulpbochloridc  tuid  ihe  diaikylamiues.  Tbey  are  roUiile  in  sieam.  Tbcii 
like  that  of  citmphot 
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{/)  Diisobulylamine  Chhraninr,  (C.H.l.N.  AiCI,.  boik  at  mi"  (15  mm.}, 
(s/)  Ditthylamitu  Chkrberint,  (C,H.),N .  BCI,,  lioila  hi  142°,  and  fumes  \ety 

slrongly  in   tbe  air.     Diprepylamine   CAIariannt   boils  al  99°   (45   tBDi.}.      Di- 

'--'-  yUminf  Cihriarint  boils  at  93°  (17  mm.). 

)  DitthylamiHi  CJUeriilindi,  (C,H,),N.  SiCl,,  boila  at  104°  (Sa  mm.).     Di- 

hfhviylamint  Cklonilicide  boils  at  112°  [30  mm.),     The  chlorRrsltin,  chlotborines, 

Bod  cblonjlicidci  ore  prepared  from  ibeir  corrnpoDding  cbloridei. 


e,  PHOSPHORUS  DERIVATIVES  OF  THE  ALCOHOL   RADICALS. 

)  OR   PH03PHINES  AND  ALKVI. 
HUM  COMPOUNDS. 

Hydrogen  phosjihide,  FHj,  has  slight  basic  pr<.i]>eriies.  It  unites 
vilh  HI  to  phosphonium  iodide,  which  is  resolved  again  by  waler  into 
Its  components.  Ihe  phosphorus  bases  or  phosphines,  obtained  by  the 
replacement  of  the  hydrogen  of  PH,  by  aikyls,  have  more  of  the  basic 
characier  of  ammonia  and  approach  the  amines  in  this  respect.  The 
basip  character  increases  with  the  number  of  alkyl  groups. 

(i)  They  oxidize  very  energetically  on  exposure  to  the  air,  usually 
with  spontaneous  ignition;  hence  they  should  be  prepared  away  from 
air  contact.  Moderate  oxidation  with  nitric  acid  converts  the  primary 
_phosphines  into  alkyl  phosphoric  acids,  the  secondary  phosphines  into 
alkyl phosphinic  acids,  while  the  tertiary  phosphines,  in  the  presence 
of  air,  pass  into  alkyl phosphitiie  oxides : 

Elhyl   Phosphine:        C.H.PII, -4-  C,H.PO(OH),— Etliyl  Phosphoric  Acid 

l>ielhylPho.phinF:(C,H.f,PH ^^  (C,IL),PO(OH)— Uicthyl  Phosphinic  Acid 

Trieibyl  Phosphine:  (C,H,),P ^  (C,Hj)jPO— Ttietbjfl  Pbosphioe  Oxide. 

(l)  They  combine  retidily  with  sulphur  and  carbon  disulphidc  (B.  as,  2436) ;  also 

w>lh  ihe  halogem. 

(3)  The  primary  phosphin«.  t.  g.,  PH.,  are  feeble  bases.      Their  salts, like  PH  L 
I    are  decomposed  by  water.     Caustic  potash  13  required  for  (be  decomposition  of  ibe 

hIis  of  the  secDudaiy  and  tertiary  phosphines, 
I         {4)  The  leniaty  phosphines  combine  with  ihc  alkyl  iodides  lo  form  lelra-alkyl 
I    phosphonium  iodides.     These  are  just  as  little  <lecnm[iosed  by  caustic  potash  as  the 
I    telra  alkyl  ammonium  iodides.      Moist  silver  oitde  liberates  Ittra-alkyl  fhotpkonntm 
.    hydrexidis  from  tbem ;  these,  like  the  telra-alkyl  ammonium  hydroiides,  are  stronger 

Msei  lb.iD  the  alkalies: 

i  P(CH.),  -^"j!-^  P(CH,).I  -^'^^^  P(CH,).OH, 
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Thcnard  ( 1 846)  discovered  the  tertiary  phosphines,  and  A.  W.  Hofmann  (1871) 
first  prepared  the  primary  and  secondary  phosphines  (B.  4,  430). 

Formation. — (I)  Hy  letting  the  alkyl  iodides  act  upon  phosphonium  iodide  for  six 
hours  in  the  presence  of  certain  metallic  oxides,  chiefly  zinc  oxide,  at  150®.  'i'he 
l^roduct  is  a  mixture  of  P(C:,n5)H,  .  HI  and  P(C,H.),H  .  HI,  the  first  of  which  is 
decomposed  by  water.  The  HI -salt  of  the  diethyl  pnosphine  is  not  affected,  bat  by 
lx>iling  the  latter  with  sodium  hydroxide,  diethyl  phosphine  is  set  free  (A.  W.  Hof- 
mann) : 

2PH  J  -h  2C,H J  -h  ZnO  =  2[P(C,H.)H, .  HI]  -f  Znl,  -f-  H,0 
PH  J  -f  2C,H  J  -f  ZnO  =  P(C,H5),H  .  HI       -f  Znl,  -f  H,0. 

P(C,H,)H,HI        "'^       >  P(C,H,)H,  -f  HI. 

(2)  Tertiary  phosphines  and  phosphonium  iodides  are  produced  by  heating  phos- 
phonium iotlide  with  alkyl  iodides  (methyl  iodide)  to  iSO^-iSo**  without  the  addi- 
tion of  metallic  oxides.     They  can  be  separated  by  means  of  caustic  potash : 

PII J  -h  3CH,I  =  P(CH,), .  HI  4-  3HI 
P(CH,),HI  -f  CH,I  =  P(CM,), .  I  4-  HI. 

(3)  Tertiary  phosphines  result  when  alkylogens  act  upon  calcium  phosphide 
(  riicnanl),  and  (4)  in  the  action  of  zinc  alkyls  upon  phosphorous  chloride: 

2PCI,  -f  3Zn(CH3),  =  2P(CH,),  +  3ZnCl,. 

The  phosphines  are  colorless,  strongly  refracting,  extremely  powerful -smelling, 
volatile  licjuids.  They  are  scarcely  soluble  in  water,  but  dissolve  readily  in  alcohol 
ami  ether.      They  oxidize  very  readily  and  show  neutral  reaction. 

(i)  Primary  Phosphines: 

Methyl  Phosphine,  P(CH3)H2,  condenses  at  — 14**  to  a  mobile  liquid. 

Ethyl  Phosphine,  P^CjHJh,,  boils  at  25°. 

Isopropyl  Phosphine,  P(C3H7)H2,  boils  at  41^,  and  the  isobutyl  derivative, 
P((\II,)II.^,  at  62°.  Faming  nitric  acid  oxidizes  the  primary  phosphines  to  a/kyl 
phospho-afii/s :  their  lll-salts  are  decomposed  by  water. 

(2)  Secondary  Phosphines : 

Dimethyl  Phosphine,  P(CH3)jH,  boils  at  25°  C. 

Diethyl  Phosphine,  P(C2H5)jjH,  boils  at  85°. 

Di-isopropyl  Phosphine,  P(C3n7)2H,  boils  at  1 18®.  Di-isoamyl  Phosphine, 
l'((.5lI„)jH,  boils  at  2io°-2i5°,  but  is  not  self-inflammable.  Fuming  nitric  acid 
o\i<li7es  this  class  of  phosphines  to  dmlkyl phosphiuic  acids. 

Water  does  not  decompose  the  HI -salts  of  the  secondary  phosphines. 

(3)  Tertiary  Phosphines: 

Trimethyl  Phosphine,  P^CH,),,  boils  at  40°.  Triethyl  Phosphine,  PCCjH^),, 
boils  at  117°.  Both  tertiary  phosphines  form  phosphine  oxides  by  the  absorption  of 
oxygen  ( li.  29,  1707).  They  also  combine  with  S,  CI,,  Br,,  the  halogen  hydrides,  and 
the  alkylo^^ens.  Carbon  disulphide  also  combines  with  triethyl  phosphine,  and  the 
product  is  P(CjH.)3.  ('Sj.  crystallizing  in  red  leaflets*  It  is  insoluble  in  water,  fuses 
at  95°,  and  sublimes  without  decomposition.  Its  production  will  answer  for  the  detec- 
tion of  carbon  disulphide. 

According  to  almost  all  of  these  reactions,  triethyl  phosphine  resembles  a  strongly 
positive  bivalent  metal — for  example,  calcium,  liy  the  addition  of  three  alkyl  groups, 
the  quinquivalent,  melalloidal  phosphorus  atom  acquires  the  character  of  a  bivalent 
alkaline  earth  metal.  By  the  further  addition  of  an  alkyl  to  the  phosphorus  in  the 
phosphonium  group,  P(CH3)^,  the  former  acquires  the  properties  of  a  univalent 
alkali  metal.  Similar  conditions  manifest  themselves  with  sulphur,  with  tellurium, 
with  arsenic,  and  also  with  almost  all  the  less  jwsitive  metals. 

'4)  Phosphonium  Bases. — The  tetra  alkyl  phosphonium  bases  resemble,  in  a  very 
high  degree,  both   in   formation   and  properties,   the  tetra-alkyl  ammonium  based. 
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Ttlramttkyl-  and  Telrailkyl-phispkomum  Hydmxule,  r(C,H,),  .011,  are  cryilxl- 
line  ninsset  which  deliguetce  on  exposure  to  tbe  ojr.  Tbey  show  a  slrotii;  >lk>linc 
1  reaction.  Wbea  tbey  are  bcoicd  ihcy  shov  the  gieai  affinity  of  pliM^orus  for 
[  bxygeo,  for,  unlike  ihe  coireipoQding  ammaDiiun  deriralives,  (hej'  brcaU  down  inlii  a 
L  fialkyl  phiaphim  exii/t  md  >  parailin.  Tbiis  Itlramilkylphotfhoniuni  hydroxidt 
f  yields  (rimelhyl  pbospbinc  oiide  and  methaae :  P(CH0,.OH  =  PlCH,),0  +  CH.. 
'  Tttramilkyt-  and  Ttlra-elkyI  phospkoHium  iodsilf,  PlC,Hj).l.  ore  wliiie,  crysul- 

nc  bodies.     Heal  decumposes  Ihem  into  UialkyI  phosphines  and  alkyl  Iodides. 


I 


I 


B.  ALKVL  PHOSPHO-A 
Theie  acids  result,  as  previi 
primaty  pbospbines  with  nitric 

/AanmsaciJ,  HPO(OH),. 

Alftkyl  PkatphB-aHJy   CH,PO(OH),.   melts  at    105°.      POj  converts   it    into 
CH,POCI,.    mclline    Bl    32*    anil    boding    al     163''.       The    tlhyl    pkoipko-arid. 


£::,Ha(OH),I'U.  melts  at  44°. 


C.  ALKYI,  PHOSPHINIC  ACIDS. 

These  aie  derived  from  kypephsspkonui  arid,  H,PO(0H).  They  are  pioduced. 
u  described,  by  oxidizing  &«:  aeundary  pkaspkints  wilb  fuming  nitric  acid.  Dimetkyl 
fkaiphiiiu-  And.  ^CH,),PO(UH),  resembles  paiafUn.  llmetts  at  76°  and  volatilizes 
wllboul  decomposition.  See  B.  35, 1441,  for  dielhyl-ditkie-phiapliinic  acid,  (C.H,),- 
PSSH, 

D.  ALKVL  PH08PHINB  OXIDES. 
arise  when  tbe  tri-alkyl  phospliinesare  oxidized  in  tbe  air,  or  by  mercuric  oxide  ;  also 
in  the  decomposition  of  tbe /fAv*<i/i^/^(i;/^DMi'HM  4j^rcJirfH  bj  heat.  Triilhyl 
Phospkinr  Qxidf,  F(C,H,),0,  mebs  at  53°  and  bolls  at  243°.  It  forms,  for  example. 
P(C,llj),CI,,  witb  haltud  adds,  from  which  Ns  regenerates  tritlkyl  pkmpkine  when 
aided  b)f  heal.  Tbe  coireaponiiing  tri-elhyl  pkotpliiai  sulphide,  P(C,HjJ,S.  from 
Irielliyl  pliosphine  and  sulphur,  mells  al  94°.  Uerivalives  ofPC^,  corresponding  tc 
ihe  alky!  chiorunines,  ue  known  (B.  13;  1174). 


7.  ARSENIC  ALKYL  COMPOUNDS. 

Arsenic  is  quite  metallic  in  its  character  ;  its  alkyl  compounds  ct 
stilute  the  transition  Irom  the  nitrogen  and  phosphorus  bases  to  1 
so-called  meiallo-orgauic  derivatives-—/,  e.,  the  compounds  of  the 
alkylswith  the  metals  (p.  1S2).  The  similarity  Co  the  amines  and 
phosphines  is  observed  in  the  existence  of  tertiary  arsines,  As(CH))„ 
l)iU  these  do  not  possess  basic  properties,  nor  do  they  unite  with  acids. 
They  show  in  a  marked  degree  the  property  of  the  tertiary  phosphines, 
in  their  uniting  with  oxygen,  sulphur,  and  the  halogens  to  Torm  com- 
pounds of  the  type  As(CHj)jXi.  Mono- and  dialkyl  arsinesare  not 
known.     Tri-alkyl  derivatives  exist.     These  are,  however,  not  so  im- 
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portant  as  the  caccdyl  compounds  have  been  in  the  development  of 

organic  chemistry. 

In  1760  Cadet  discovered  the  reaction  which  led  to  the  study  of  the  arsenic  alkyls. 
He  distilled  arsenious  acid  together  with  potassium  acetate,  and  obtained  a  liquid 
which  was  subsequently  named,  after  its  discoverer,  Cadef  s  fuming^  arsenual  liquid. 
From  1837-1843  Bunsen  carried  out  a  series  of  splendid  investigations  (A.  37,  I ; 
42,  14;  46,  i),  and  demonstrated  that  the  chief  constituent  of  Cadet's  liquid  was 
"  alkarsine,*'  or  cacodyl  oxide,  whose  radical  ''cacodyl"  Bunsen  also  succeeded  in 
[)reparing.  Berzelius  proposed  the  name  cacodyl  (from  luzxudj^c,  stinking)  for  this 
very  poisonous  body  with  an  extremely  disgusting  odor.  Bunsen  showed  that  it 
conducted  itself  like  n  compound  radical.  Together  with  the  cyanogen  of  Gay- 
Liissac,  and  the  benzoyl  of  Liebig  and  Wdhler,  assumed  to  be  present  in  the  benzoyl 
derivatives,  it  formed  a  strong  support  for  the  radical  theory.  But  later  it  was  found 
that  cacodyl  was  no  more  a  free  radical  than  was  cyanogen,  but  that,  in  accordance 
with  the  doctrine  of  valence,  it  was  rather  a  compound  of  two  univalent  radicals 

As(CH,), 
— As(CI  13)2,  combined  to  a  saturated  molecule :  I 

As(CH,),. 

Valuable  contributions  have  been  made  to  the  chemistry  of  the  arsenic  alkyls  by 
Cahours  and  Riche  (A.  92, 361), by  Landolt  (A.  92,  370), and  particularly  by  Baeyer, 
who  discovered  the  monomethyl  arsenic  derivatives,  and  made  clear  the  connection 
existing  between  the  alkyl-arsenic  derivatives  (A.  107,  257). 

The  following  reactions  give  rise  to  arsenic  alkyl  compounds: 

(i)   Cacodyl  Oxide,  or  Alkarsine,  is  produced  by  the  distillation  of 

potassium  acetate  and  arsenious  acid.     This  is  a  delicate  test,  both  for 

arsenic  and  for  acetic  acid  : 

4CH3 .  CC\K  4  As^Oj  ^  [(CH3),As],0  -f  2CO8K,  -f  2CO,. 

(2)  By  the  action  of  zinc  alkyls  upon  arsenic  trichloride,  and  (3)  by 
the  action  of  the  alkyl  iodides  upon  sodium  arsenide: 

2ASCI3  -f  3Zn(CH3),  =  2As(CH3)3  -f  3ZnCl, 
AsNa3  4-  3C,H,I        =  AsCC.H^),  +  3NaI. 

(4)  The  transj)osition  of  trisodiiim  arsenite  by  alkyl  iodides  gives 
rise  to  the  sodium  salts  of  alkyl  arsonic  acid  (A.  249,  147)  : 

As03Na3  4   CII3I  z=  CH3AsO(ONa),  -(-  Nal. 


CM3ASC.,.  ^':"':>:i^)-°-    ch,aso.  ,^^j:t^i,,  ch,.aso(oh),  a^^ 

Acid, 


Tabic  of  the  Alkyl-  {Methyl-)  Derivatives  of  Arsenic, 

lyl  Arsen-  rn  A  O        Methyl 
dichloride.  '*       '  Arsenoxide. 

((.  n^l^AsCl,  Cacodyl  Chloride.  [(CH.),As],0,  ^q^°1^}  (Cn,),AsO.OH.  ^^^^^ 

(CHjljAs,  Triinelliyl  Arsine.  (CHj),AsO,  Trimethyl  Arsine  Oxide. 

(CM,).AsT ,  '',;';^';;f  I'^ide:  (CH,).AsOH,  Tetramethyl  Arsonium  Hydroxide. 

(CHj),— As 

I  ,  Cacodyl. 
(CH.),-As 
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The  rormition  of  monometh;  1  anenic  chloride,  A5(CH,1C1,,  h  due  to  ibe  property, 
possessed  by  the  dcri»ali»ea  of  ihe  type  AsX„  of  xJditig  two  lialogEn  ■lanu  (Ci,) 
and  paijing  into  compounds  of  the  form  AsX^.  The  more  ciilorine  Bloins  these 
bodi»conlniii,  Ihe  more  readily  do  they  spllloff  methyl  chloride.  Tbus  As(CH,)CI, 
breaks  down.  »t  o",  into  AsCl,  and  CH.Cl.  and  AitCH,),Ci,.  at  50°,  into  As(CH,}a, 
and  CH.CI  : 

Ai(CH,)j  -^'' y  Ai(CH,),Cl,  >■  CHjCI  +  A3(CH,),a 

Aa(CH,],Cl  — -  ^"''     >  Ai{CH,),CI,  ^^—>-  CH.Cl  +  As(CH,)CI, 

As(CH,)CI,  -^-^ — ^  As(CH,)  a, — *-  CH,C1  -+  AsCl,. 

the  decoinptHition  uf  cocodylic 


r. 


A!(CH,),0 ,  OH  +  3HCI  =  As(CH,)CI,  +  CH.Cl  +  iHfi. 


heavy  liquid,  soluble  in  water,  aod  boils  at  133°.     At  — 10'  il   unites  with 

chlorine,  foroiine  As(CH,)CI,,  From  Ihe  alcoholic  wlulion  hydrogen  sulphide  pre- 
cilMWIes  the  mlpkide,  As(CH,)S,  melting  at  no". 

When  lodium  carbonate  acts  upon  the  aqueous  solution  of  Ihe  diclilorjde  melkyl- 
annxBtidt.  As(CH,)0,  ii  fonncd.  It  melu  st95°,anddisliU  along  wiih  sleam.  The 
oiide  is  basic,  and  may  be  converted  by  (he  haloid  acids  and  I-I,S  inlo  the  halogen 
derivatives,  AaCH,X,,  and  the  sulphide,  AsCH,S. 

:^ilvE[  oxide,  acting  upon  Ih?  aqueous  solution  of  ihe  aliove  oxide,  changes  il  inio 
ihe  silver  salt  of  monoraethyl  areonic  acid.  (CH,)A50(OH),.  an  analogue  of  methyl 
phi>spho-BCid  (p.  175).  When  ethyl  iodide  acts  upon  sodium  arsenite,  AEO,Na,. 
Hidium  Dionoelhyl  arsonDle,  C,H,j.  AsO(ONa),,  is  pniduced. 

Dimethyl  Arsinc  Derivatives. — Cacodylic  oxide  'jxalkarsinc. 
Vpij*  '*A^>0,  is  the  starting-out  material  for  tlie  preparation  of  the 
dimclbyl  compounds.  Its  formation  from  potassium  acetate  and 
arsenic  trioxide  has  already  been  given  on  p.  i  76.  The  crude  oxide 
ignites  spontaneously  in  the  air.  This  is  due  to  the  presence  in  it  of 
a  slight  amount  of  free  cacodyl.  When  prepared  from  cacoilyl  ihloriJe 
liy  caustic  potash  it  does  not  inflame  spontaneously,  and  is  a  liquid  with 
a. stupefying  odor.  Il  solidifies  at — 25°.  It  boilsat  120°,  and  at  15°  has 
a  specific  gravity  of  1.461.  It  is  insoluble  in  water,  but  readily  solu- 
ble in  alcohol  and  in  ether. 

Dimethyl  Arsine,  Caeodyl Hydride,  (CH,),AsH,  boils  at  36".  It 
is  |)rodijced  when  zinc  and  hydrochloric  acid  act  upon  cacodyl  chlo- 
ide  in  alcoholic  solution.  It  is  a  colorless,  mobile  liquid,  with  the 
'laractcristic  cacodyl  odor.  It  inflames  sjxintancouslv  in  the  air 
;B-  37.  '378)- 

Cacody]  Chloride,  Ag(Cn,),Cl.  is  farmed  by  healing  Itimelhyl  arsen-dichloride, 
i(CH,l,CI,  (lie  above)  and  by  acling  upon  cacodyl  oxide  wilh  hydrochloric  acid,  as 
from  CI,  and  cacodyl.  Il  is  more  readiiy  obtained  by  healing  the  corro- 
limatc  compound  of  ihe  oxide  wilh  bydn)chloric  acid.  It  boils  al  100°.  Il 
ilh  chlorine  to  form  ihe  Irieklmdi,  As(CH,),CI,.  which  renders  possible  Ihe 
n  from  the  dimethyl  compounds  lo  Ihe  monomelhyl  derivatives. 


i 
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Cacodyl  Sulphide,  AsIcH*!*-^^*^"^™  cacodyl  chloride  and  barium  sulphide,  in- 
flames in  the  air. 

Cacodyl  Cyanide,  As(CH3),.  CN,  is  formed  by  heating  cacodyl  chloride  with 
mercuric  cyanide.     It  fuses  at  33°  and  boils  at  I40®. 

Cacodylic  Acid,  (CH3)2AsO .  OH  (see  p.  175),  corresponds  in  its  composition  to 
dimethyl  phosphinic  acid.  Cacodyl  oxide,  by  slow  oxidation,  passes  into  cacodyl 
cacodylate,  which  breaks  down,  when  distilled  with  water,  into  cacodylic  oxide  and 
cacodylic  acid  : 

As(CH3)2^Q   ,   Q_    As(CH,),.Q 
AslCH,),^^  +  ^  -  OAs(CH,)  >" 

'OAs(Clll)'>^  +  "»^  =  [ A5(^"»)i]«0  +  20As(CH,), .  OH. 
It  is  also  obtained  by  the  action  of  mercuric  oxide  upon  cacodylic  oxide: 
As(CHf)*>^  +  2^8^  +  ^fi  =  2As(CH,),0 .  OH  -f  2Hg. 

It  is  easily  soluble  in  water,  is  odorless,  and  melts  at  200®,  with  decomposition. 
Hydriodic  acid  reduces  it  to  cacodyl  iodide,  As(CHg),l. 
Hydrogen  sulphide  changes  it  to  cacodyl  sulphide, 

PCI-  converts  it  into  dimethyl  arsentrichloride^  (CH,)2AsQ|,  which,  like  an  acid 
chloride,  regenerates  cacodylic  acid  with  water. 

As(CH,), 
Cacodyl,  As2(CIl3)4  —\  ,  diarsentetramethyl,  is  formed  by  heating  the 

As(CH,), 

chloride  with  zinc  filings  in  an  atmosphere  of  carbon  dioxide: 

..     AS1CH3),     2IIC1_^  CI .  As(CH,),       Zn  As(CH,), 

^^     As(CH3),  '    Cl.As(CIl8),  ^As(CH,),- 

It  is  a  colorless  liquid,  insoluble  in  water.  It  boils  at  170®,  and  solidifies  at 
— 6°.  Its  odor  is  frightfully  strong,  and  may  induce  vomiting.  Cacodyl  takes  fire 
very  readily  in  the  air  and  burns  to  As^O,,  carbon  dioxide  and  water.  It  yields 
cacodyl  chloride  with  chlorine  and  the  sulphide  with  sulphur.  Nitric  acid  converts 
it  into  a  nitrate,  As(CH3)2 .  O  .  NO,. 

Ethyl  Cacodyl,    |  ,  diethylarsine,  is  formed  together  with  triethylarsine 

As(C,lI,), 
on  heating  sodium  arsenide  with  ethyl  iodide.     It  boils  at  185-190°,  and  takes  fire 
in  the  air.     It  oxidizes  to  diethyl  arsinic  acid^  (C2H5),AsO.  OH. 


TERTIARY  ARSINES. 

The  tertiary  arsines  are  formed  by  the  action  of  the  zinc  alkyls  upon  arsenic 
trichloride  and  by  heating  the  alkyl  iodides  with  sodium  arsenide. 

Cacodyl,  formed  simultaneously,  is  separated  by  fractional  distillation. 

Trimethylarsine,  (CH3)3As,  and  Triethylarsine,  (CjH5)jAs,  are  liquids  with 
very  disagreeable  odor.  With  oxygen  they  yield  Trimethyl  arsenoxide^  (CHg)3AsO, 
and  'rricthyl  arsenoxidc^  {Q^\^jK%0 .  These  bodies  correspond  to  triethylamine 
oxide  {\\.  172)  and  irieihyl  phosphinc  oxide  (p.  175);  with  sulphur  they  yield 
trivh-thyl-  and  triethyl  arsine  sulphide ^  As(Cjn5),S;  and  with  Br,  and  I,  they  form 
tritNtthyl  arsine  bromide^  As(Cli3)3Brj,  and  triethyl  arsine  iodide ^  As(CjH|^)jI,. 

Quaternary  Alkyl  Arsonium  Derivatives.  —  Tetramethyl  Arsonium  Iodide^ 
As(CH3)J,  and  tetra-ethyl  arsonium  iodide^  As(CjH5)^I,  are  obtained  by  the  union 
of  trimethyl  arsine  and  triethyl  arsine  with  methyl  iodide  and  ethyl  iodide.  Both 
bodies  crystallize,  and  correspond  to  the  tetra-alkyl   ammonium  and  pfaosphoniam 


ALKVL  COMPOUNDS   OF   BISMUTH. 


IM]i>le!><pp.  l6S,  174).     Like  the  laller,  tliey  are  changed  Ly  moist  ^Kcr  ot 
ydraxidM : 
Ttlramtlhyl  Anoninm    Hydroxide,    AsfCII.l.OH.    and     Ttlrarlhyt  Ars> 
Hydtexidf,  Aa(C,H.),OH. 

These  ^ire  crystalline,  deliquescent  boiiiet.     They  ibow  a  nrong  alkaline  re< 


I  8.  ALKYL  DERIVATIVES  OF  ANTIMONY. 

The  derivatives  of  antimony  and  the  alkyls  are  ptrrectly  analogous  [o  those  of 
u^enic ;  hut  (hose  contaioing  one  and  two  alkyl  groups  do  nol  ciisl.  We  are  indeUed 
to  Ldwig  and  to  Lnndolt  for  our  knowledge  of  tbcm. 

Tertiary  Stibinea  aie  produced  like  the  tertiary  arsines : 

il)  By  (he  aclion  of  alkyl  iodides  upon  polassium  or  sodium  sniimonides  ; 
z]  By  ihe  inleraclion  of  xlnc  alkyls  and  antimony  trichloride. 
Trimethylatibine,  Sb(CH,)„  antimony  trimelhyl,  boils  at  81°  ;  Its  sp.  gr.  ol  15" 
il  1.533,  anil  Triethylstibine  or  Stibelhyl,  Sb  (C,Hg)j,,  boiling  at  159°,  are  liquid:, 
which  take  tire  in  the  air,  and  are  insoluble  in  water.  In  all  iheir  reactions  Lhey 
manifeal  the  character  al  a  bivalent  melal,  perhaps  calcium  or  line.  With  otygen, 
sulphur,  and  Ihe  halogens,  they  combine  euei^etically  and  decompose  the  concen- 
iraled  haloid  acids,  eipclling  their  hydrc^en  : 

Sb(C,H,),  +  2Ha  =  Sb(C,H,)jCl,  +  H,, 

%  also  true  uf 
.    ,    „  .  .  „  „      ,  I"  solution 

newhal  !ike  a  calcium  sulphide  solution.     It  pTeci|ritates  sulphides  from 
solutions  of  the  heavy  metals  wllh  the  formalioa  of  salla  of  triethylstibine. 

Qualtmitry  Slibonium  Cempounds,  prepared  from  teniaty  stibinea  by  the  addition 
of  alkyl  iodides,  arc  changed  by  moist  silver  oxide  into  telra-atkyt  itiianium  hydrcx- 
idtt.  Telrumrlhyl  and  Tilraelhyl  slibouium  iodidt,  Sh(C,H.l,I,  as  well  as  Tifta- 
mtthyl  and  Tarailhyl  itibonium  hydroxide.  (C,Hi),SbOH,  resemble  ihe  corres- 
pondiiig  MMnic  detiraiives  very  iDuch  itt  their  properties. 


^  9.  ALKYL  COMPOUNDS  OF  BISMUTH. 

These  arrange  themselves  with  those  derived  from  anlimony  and  arsenic:  but  in 
accordance  with  the  complete  metallic  nature  of  bismuth,  we  do  not  meet  any  com 
pounds  here  analngous  10  stibonium  or  arsonium. 

Fuither,  In  Irialkyl  derivatives  the  alkyl  groups  are  less  intimately  united  wiih  ilie 
bismuth  than  they  are  with  arsenic  and  antimony  in  their  corresponding  derivaiiveB. 

Tertiary  bismutbides  result  from  (I)  the  action  of  alkyl  iodides  upon  potassium 
bismuthide ;   (1)  Ihe  interaction  of  linc  alkyls  and  bismuth  Iri-bromide. 

Bisrouth-Ttitneibyl,  BilCH,],,  and  Bismuth-Triethyl.  Bi(C,H,),,  are  liquids. 
They  can  be  distilled  without  decomposilioo  under  dimlnislied  pressure.  Tbey  ex- 
plode when  heated  at  the  ordinary  pressure  (li.  ao,  1516;  at,  30J5].  liismuih 
trimelbide  is  changed  by  hydroebloTic  acid  to  BJCI,  and  melhaiie.  The  Irj  elhide  is 
spontaneously  inflammable.  It  unites  with  iodine  10  Bumulk  Diilliyl  Jadidr,  Bi- 
(C^H,),! ;  and  with  mercuric  chloride  lo  Bismutb-ethyl  Chloride.  Bi(C^H,)Cl, : 


L 


Bi(C,Hjl,  4-  aHgCl,  =  Bi(C,Hj)CI,  +  aHg(C,H5)Cl. 


I  So  ORGANIC  CHEMISTRY. 

From  the  alcoholk  solution  of  the  iodide  the  alkalies  precipitate  Bismuth-ethyl 
cxiJe^  lii  C^Hj^O  an  amorphous,  jellow  powder,  which  takes  fire  readily  in  the  air. 

The  niirate,  Bi(C,HJ<<Q't^^'»  is  produced  by  adding  stWer  nitrate  to  the  iodide. 


lo.    BORON  ALKYL  COMPOUNDS. 

These  are  formed  by  the  action  of  zinc  alkyls  upon  (l)  boron  trichloride,  (2) 
boric  ethyl  ester  (p.  147)  (Frankland,  A.  124,  I29): 

2BvO.C,H,),  ^  3Zn(C,Hj^,  =  2B(C,H,),  +  3(C,H,  .  O)^. 

Trimetbyl  Borine  is  a  gas. 

Trietbylborine.  or  Borethyl,  B(C,Hj)p  boils  at  95®.  Both  ignite  in  contact  with 
tlie  air  and  possess  an  extremely  penetrating  odor.  When  heated  together  with 
hydrochloric  acid,  ethyl  borine  decomposes  into  diethylborine  chloride  and  ethane : 

BvC,Hj^,  -r  HQ  =  B{C,H5),a  -f  C,H^ 

Slv^wly  oxidized  in  the  air,  triethylborine  passes  into  the  diethyl  ester  of  ethyl  boric 
acid  or  Boron  Etbo-diethoxide,  B(C,Hj)(O.C,Hj),,  boiling  at  125®;  water  de- 

compo>es  it  into  eibyl  boric  acid,  C|HyB(0H)2. 


II.  SILICON  ALKYL  COMPOUNDS. 

Silicon  is  ihe  nearest  analogue  of  carbon.  Its  similarity  to  the  latter 
shv^Ns  itseli  very  strongly  in  its  derivatives  with  the  alcohol  radicals, 
which  in  many  resi>ects  resemble  the  correspondingly  constituted 
jurattins  y^Fricdcl  :  Crafts:  Ladenburg,  A.  203,  241).  As  early  as 
iv^o^  Wonior  directed  attention  to  the  analogy  existing  between  the 
iMilvui  ar.^i  >ii:con  oompoimds. 

N;.;..  V  I\tr\iftir:/;:\if,  Si  (CHs\.  corx^\>OT\dslo  Tetramethy I Af ethane ^ 

\;.';V*";    7>/'./^/'/;..v.  Si\^C\H5\,  corresponds  to  Tetraethyl  Methane^ 

rhe\  are  jToduced  like  the  alkyl  borines  when  zinc  alkyls  act  upon 

^^I'>  Silicon  halogen  compounds; 

\  1)  I'pon  esters  01"  silicic  acid. 

Silicon  methyl,  Sii^CH,^,,  from  SiCl*  and  zinc  methyl,  boils 
at  ;o^\ 

Silicon-ethyl,  Silicon-tetraethide,  SivC^HjV  Siiicononam, 
from  SiCl,  ^^nd  Zn  r,Hj\.  by  the  action  of  chlorine,  forms  a  substitution 

product,  ^i  ]  ('  H  CV  ^^^^^^^^^^^y^  chloride.     Potassium  acetate  chang< 


i8i 


^H  this  to  the  acecicesier  of  silicononyl  atcoho],  which  alkalies  decom- 
^P  pose  iuto  acetic  acid  and  silicononyl  alcohol : 

■■  r_H  >^"  <c,n.  ^  C,H  >^'  <C,H, 

Dnyl  Chlutiae.  Silicononyl  Alcohol. 
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Triclhylailicotl  Elhylate.  (C,H,],Si.O.C,H,.  boils  u  153°, 
Diethyl  silicon -diethy  late,  lClHj],,Si.(O.C,Hs),,  boils  at  ISS-S", 
Btbylsilicon-triethylate,  (C,tl,)Si(O.C,H,),.  is  ■  liquid  with  a  camphor- 1  ike 
odor,  boiling  al  159°.     Thele  ihree  compounds  are  produced  »hen  zinc  cttiide  acis 
upon  silicic  eth;  1  ester,  Si(OC,H(),  (p.  147). 

AceNc  anhydride  converts  trielhyl  silicon  ethyl  ester  info  an  awtic  csler.  When 
this  i»  Bsponilied  by  caustic  potash,  it  yields  Trill hylsiliion  Ayiirixidt  or  Tritthyt 
tUicel,  (C,H,)]Si    OH,  corresponding  in  coaslitulioD  to  TritlkyI  carbinet. 

Acetyl  chloride  change;  diethyl  ^licoo  diethyl  ester  inla  DielkyUUiien  cklaride, 
(C,H(),SiCl,,  boiling  at  148=,  Water  lr»nsposes  it  into  ditthybilitoH  axidt,  (C,Hj,- 
Si  ■  O,  corresponding  10  diethyl  ketone  in  compmition. 

With  acetyl  chloride  ethyl  silicon  trielhyl  ester  ferms  ethyl  silicon  tri<hloridi, 
(CfH,)SiCI,.  This  liquid  fumes  strongly  in  Ihe  air,  boils  *l  aboat  100°,  and  when 
treated  with  water  puses  into  ethyl  silicic  acid,  (C,H,)SiO.OH  (Silico-pTDpionic 
acid],  which  is  anilf^ous  to  propionic  acid,  C,F1,.C0.0H,  in  constitution.  It  is  a 
white,  amorphoui  powder,  vhich  becomes  incandescent  when  heated  in  the  air. 
With  the  corresponding  propionic  acid  it  only  shares  the  property  of  being  an  ncid. 

Table. 
(C,H,l,SiOH,     Triethyl  Silicol  corresponds  to  {C,H.),C  ,  OH,  Trielhyl  Carhinol. 
((IHsUSiO,         Diethyl  Silicon  0»ide  corresponds  to  (C,Hj),CO.  Diethyl  Ketone. 
CiMj ,  SiO ,  OH,  Silico-propionic  Acid  corresponds  to  C,H( .  COOH,  Propionic  Acid. 


^B  Win 


II.  GERMANIUM  ALKYL  DERIVATIVES. 

The  compounds  of  germanium  form  the  transition  from  those  of  silicon  to  those 

Qermaniuro-Etbide,  Ge(C,H5),,  is  formed  « 
nanium  chloride.  It  is  a  liquid  with  a  leek-lik 
Winkler,  J.  pr.  Ch.  [2]  36,  204). 


13.  TIN  ALKYL  COMPOUNDS. 
In  addition  to  the  saturated  derivatives  with  four  alkyls,  tin  is  a 
ipable  of  uniting  with  three  and  two  alkyls,  forming : 


r«n|i  ,n,i, 
in  ruiBi^lhyl  Ti.i  T.lelhyl 


Sn(C,H»),  Sn(C,Hs), 


SntC,Hj).  if-,..  Jl °'    ^''t'^t^'V 
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The  alkyl  derivatives  of  tin  were  studied  by  Ldwig,  Cahours,  Ladenbnrg,  mod 
others.  1  he  reactions  resorted  to  in  order  to  combine  tin  with  alkyls  are  the  same  as 
were  employed  with  arsenic,  antimony,  and  other  elements.  (l)  The  action  of  zinc 
alkyls  upon  stannic  chloride,  when  Sn(CHg)^and  Sn(C,H^)^  are  produced.  (2)  I1ie 
action  of  alkyl  iodides  upon  tin-sodium  (tin  alone  or  tin-zinc).  When  the  alloy  con- 
tains a  great  deal  of  sodium,  Sn(C,Hj),  is  produced,  but  when  comparatively  little 
sodium  is  present  the  chief  product  is  Sn(C2H«)|r,.  Sodium  abstracts  iodine  from 
l)oth  of  the  primarily  formed  iodides  with  the  formation  of  Sn2(C,H^)^  and  Sn,(C,- 
11^)^.     These  can  be  se|)arated  by  means  of  alcohol,  in  which  me  latter  is  insoluble. 

Tin  Tetramethyl,  Sn(CH3\,  boils  at  78°.  Tin  Tetraethyl,  Stannic  Etbide, 
Sn(C^^Il3)4,  boils  at  i8l°  and  possesses  a  specific  gravity  of  I.187  at  23°.  Both  are 
colorless,  ethereal  smelling  liquids,  insoluble  in  water.  By  the  action  of  the  halo- 
gens the  alkyls  are  successively  eliminated.     Hydrochloric  acid  acts  similarly: 

Sn(C,H,),  +  I,      =  Sn(C,H5),I  -\-  C,H,I,  etc. 
SniC.Hj)^  -h  HCl  =Sn(C,H5),Cl  +  2C,He,  etc. 

The  alkyl  groui)s  are  not  so  firmly  united  in  the  zinc  alkyls  as  they  are  in  the 
alkyls  of  silicon. 

Tin  Triethyl  Iodide,  Sn(C,H5)jI,  boils  at  231®,  and  has  a  specific  gravity  of 
1.833  at  22°.  7/«  triethyl  chloride^  Sn(C-Hj),Cl,  boils  at  from  208-210**,  and  has  a 
specific  gravity  of  1. 428.  Alcohol  is  a  solvent  for  both.  When  either  one  is  acted 
upon  by  silver  oxide  or  caustic  potash,  there  is  produced  : 

Tin  Triethyl  Hydroxide,  Sn(C,H5)8.  OH,  melting  at  660  and  boiling  at  272®. 
It  volatilizes  along  with  the  steam.  It  is  sparingly  soluble  in  water,  but  dissolves 
readily  in  alcohol  and  ether.  It  reacts  strongly  alkaline,  and  yields  crystalline  salts 
with  ilie  acids,  e.  g.^  Sn(C,H5)3  .  O  .  NO,.  When  the  hydroxide  is  heated  for  some  time 
to  almost  the  boiling  temj^erature,  it  breaks  down  into  water  and  tin  triethyl  oxide^ 

<  ,r'^ri^\^  ^^'  *"  ^^'b'  liquid,  which  in  the  presence  of  water  at  once  regenerates  the 

hydrate. 

Tin  Triethyl,  Sn2(C2ll5)g  (see  above),  is  a  liquid,  of  mustard-like  odor,  insolu- 
ble in  alcohol,  but  readily  soluble  in  ether.     It  distils  with  slight  decomposition  at 

265-270°.     It   combines  with   oxygen,   forming   tin-triethyl   oxide,    q  /r^TT*x*>0, 

and  with  iodine  yields  tin-triethyl  iodide,  2Sn(C2H5)jI. 

Tin  Diethyl,  Sn2(C,H  J^,  or  Sn(C,H5)2,  is  a  thick  oil,  decomposing  when  heated 
into  Sn(CjlL)^  and  tin.     It  combines  with  oxygen  and  the  halogens. 

Tin  Diethyl  Chloride,  Sn(CjH5)jClj,  melts  at  85°  and  boils  at  220°.  The  iodide^ 
Sn  C2ll5).,l2.  ^uses  at  44.5°,  and  boils  at  245°. 

Ammonium  hydroxide  and  the  alkalies  precipitate  from  aqueous  solutions  of  both 
the  halogen  corajKiunds: 

'Fin  Diethyl   Oxide,  Sn(C2H5)20,  a   white,  insoluble  powder.     It   is  soluble   in 


excess 


of  alkali,  and  forms  crystalline  salts  with  the  acids,  e.  g.^  ^^^S^^%)i^r\  'ssr} , 


14.  METALLO-ORGANIC  COMPOUNDS. 

The  metallo-organic  compounds  are  those  resulting  from  the  union 
of  metals  with  univalent  alkyls  ;  those  with  the  bivalent  alkylens, 
CnHjB,  have  not  yet  been  prepared.     Inasmuch  as  we  have  no  marked 


I 


line  of  difference  lietween  metals  and  non  melals,  the  metallo-orgaiiic 
derivatives  attach  themselves,  on  the  one  side,  by  ihe  derivatives  uf 
aniimony  and  arsenic,  to  the  phos;)honis  and  nitnigen  bases;  and  on 
ihe  other,  through  the  selenium  compounds,  to  the  sulphur  alkyls  and 
ethers;  whereas  the  lead  derivatives  approach  those  of  tin,  and  the 
latter  approach  the  silicon  alkyls  and  the  hydrocarbons. 

Upon  eiBinining  the  roetals  as  Ihsyarianpe  Ihemselves  in  Ihe  periodic  system  il  is 
niher  remnrkablE  to  find  thnl  it  is  only  Ihose  which  aliach  Ihemselvci  lo  Ihe  eUclro- 
negntiie  nnn-roeuls  which  ate  CBpable  of  yIeMIng  alkjrl  derivatives,  la  the  thii-e 
Inrge  periiids  ihi^^  power  monifesls  and  extends  itself  only  as  far  u  tlie  group  of  zini' 
iZn,  Cd,  Hg).     (Compare  /Horgunii:  Ckemistry.) 

Those  compounds  in  which  the  metals  present  their  niaxiuiiiin 
valence,  e.  g.. 


Hg(CH,),        AHCH,],        SnfCH,).         rb(CH,).        Sb(CH,)j, 


hare  volatile  liquids,  us 
I  therefore,  the  deiermin 
Pi  of  establishing  their  m 


lally  distilling  undecumposed  in  vapor  form  ; 
ilion  of  their  vapor  density  is  an  accurate  means 
]lecular  weight,  and  the  valence  of  the  metals. 


Hg(CH,)—    T1(CH,),—    .So(CH,),—     Fb(CH.),—     Sh(CH,),— 


HgiC.H,) .  OH         T1(CH,), .  OH         Sn(CHj),  .OH, 
e  of  the  univalent  radical; 


As(CH,), 


=  Bi(CH,) 


Sn(CH,),  Fb.CH,),. 

alkyls  from  the  aatarated  eotnpouii<U,  the  bivalent  radicals 


Si(CH,), 
Si(Cn,), 


=  Te{CH,),  =Sn(C,Hs),  =Sb(CH,|,, 


In  iheir  coiiipou[id&  (oxides  atid  salts)  these  resemble  the  bivalent  alkaline  earlh 
metals,  or  the  metals  of  the  zinc  group.  A  few  of  (hem  occur  in  free  condition.  As 
unfaluralcd  molecules,  however,  they  are  highly  inclined  to  saturate  two  atfinilies 
dircetly.  Antimony  trielhyl,  Sb(C,Hj),  (see  p.  177),  and  apparently,  too,  tellurium 
diethyl,  Te(C,Hg),,  have  (he  power  of  uniting  with  acids  to  form  salts;  hydrogen  is 
lil>erated  at  the  same  lime.     This  would  indicate  a  distinct  metallic  character. 


Kinaliy.  (he  trivalent  mdieaU,  like  As(CH,)„  ( 
is  Ihe  ease,  too,  with  Tinyl,  C,H,.  These  may  bi 
ao-called   cacodylic   acid,    As(CH,),O.On   (p, 


15  univalent.  This 
luminium,  and  the 
□ium  metahydrale, 
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We  conclude,  therefore,  that  the  electro-negative  metals,  by  the  saccessive  union  of 
alcohol  radicals,  always  acquire  a  more  strongly  impressed  basic,  alkaline  character. 
This  also  finds  expression  with  the  non-metids  (sulphur,  phosphorus,  arsenic,  etc.). 
(Compare  pp.  I48,  173,  175.) 

The  first  metallo-organic  derivatives  were  prepared  by  Frankland. 
Zinc  alkyls  are  particularly  important  as  carriers  of  alcohol  radicals. 

Methods  of  Formation : 

(i)  Action  of  metals  (Mg,  Zn,  Hg)  upon  alkyl  iodides. 

(2)  .\ction  of  alloys  (Pb,  Na)  upon  alkyl  iodides  (see  Bi-,  Sb-,  Sn- 
compounds). 

(3)  Action  of  metals  (K,  Na,  Be,  Al)  upon  metallo  organic  bodies 
(zinc  alkyls,  mercury  alkyls). 

(4)  Action  of  metallic  chlorides  (PbCli)  on  metallo  organic  deriva- 
tives (zinc  alkyls ;  compare  BC1„  SiCl*,  SnCl*,  GeCli  upon  zinc  alkyls). 

A.  COMPOUNDS  OF  THE  ALKALI  IfBTALS. 

When  sodium  or  potassium  is  added  to  zinc  methide  or  ethide,  zinc  separates  at 
the  ordinary  temperature,  and  from  the  solution  which  is  thus  produced,  crystalline  com- 
pounds deposit  on  cooling.  The  liquid  retains  a  great  deal  of  unaltered  zinc  alkyl, 
i)ut  it  also  appears  to  contain  the  sodium  and  potassium  compounds — at  least  it  some- 
times reacts  quite  differently  from  the  zinc  alkyls.  Thus,  it  absorbs  carbon  dioxide, 
forming  salts  of  the  fatty  acids  (Wanklyn,  A.  iii,  234) : 

CjHjjNa  -f  CO,  =  QHj .  CO,Na. 

Sodium  Propionate. 

These  decomjxjsable  bodies  cannot  be  separated  in  a  pure  condition. 

* 

B.  COMPOUNDS  OP  THE  METALS  OF  THE  MAGNESIUM  GROUP. 

1.  Beryllium  Ethide,  Be(C,Hj),,  formed  by  the  3d  method,  boils  at  from  185®- 
188°  and  ignites  spontaneously.      Beryllium  Propyl,  Be(CjH,),,  boils  at  245®. 

2.  Magnesium  Ethide,  Mg(C2Hg)2.     On  warming  magnesium  filings  with  ethyl 

iodide  away  from  contact  with  the  air,  magnesium  ethyl  iodide,  Mg-^^r*    *,    first 

rrsults.  ( )n  aj)plying  heat  to  this  it  decomposes  into  Mg(C2H5),  and  Mgl,  (B.  25, 
R.  745  ;  26,  R.  718).  Be(C,H5),  and  Mg(C,H5)2,  like  Zn^C^Hj),  (see  this),  are  de- 
composed l)y  water. 

C.  ZINC  ALKYL  COMPOUNDS. 

Zinc  inethide  and  zinc  ethide  were  discovered  in  1849  ^Y  Frank- 
land  (A.  71,  213  ;  85,  329;  99,  342).  The  zinc  alkyls  are  exceed- 
ingly reactive,  and  are,  on  this  account,  the  most  important  class  of 
the  metallic  alkyls. 

Mt'thoiU  of  Formation. — (i)  When  zinc  filings  act  upon  iodides 
of  the  alcohol  radicals  in  sunlight,  iodides  are  formed,  which  are 
deccnnposed  by  heat  into  zinc  alkyls  and  zinc  iodide: 

C,H  J -f  Zn  =  I_Zn_C,H 
2Zn<^2'>5  ^  Zn(C,H.),  -f  Znl,. 


;   ALKVL  COMPOUNDS. 


1 8s 

The  *C(ion  may  be  acceleraled  it  the  ziac  turnings  hare  beeo  previDiuly  corroded, 
It  by  the  tpplicaiioo  ot  liac-iodiuni  or  litic-copper.  In  prepaiiog  tine  ethide,  ethyl 
I  iodide  is  poured  over  zinc  clippings  and  a  little  pure  line  elliiile  u  then  added.  The 
r  formation  of  I — Zn .  C,Hj  is  then  completed  at  the  ordinary  (emperalure,  and  Ibis  tiody 
I  tcparalej  in  large,  Innsparedl  crystals.  When  it  Is  heated  in  a  current  of  CO,,  it 
'   yields  line  eihide  {A,  15a,  220;  B.  a6,  R.  88). 

'        (l)  The  mercury  alky  Is  are  liaosposed  by  zinc  into  line  alkyl^,  iritb  the  separation 
of  mercury: 

Hg(C,Hi),  +  Zn  =  Zn(C,H.),  +  Hg. 

Propertiei. — The  zinc  alkyls  are  colorless,  disagreeable- smelling 
liquids,  fuming  strongly  in  the  air  and  igniting  readily  i  therefore, 
they  can  only  be  handled  iti  an  atmosphere  of  carbon  dioxide.  They 
inflict  painful  wounds  when  brought  in  contact  with  the  skin. 

Zinc  Metbide.  Zn(CH,)„  boils  at  46°.     Its  sp.  gr.  u  10°  is  I.j86.  I 

Zinc  Eihide.  Zn(C,H,),.  boils  at  llS",  and  lias  the  sp.  gr.  1,181  at  iS'. 

Zinc  Propyl.  Zn(CH,,CH,.CH,)„  boils  at  146°.  I 

Zinc  Isopropyl,  Zn(C,H,),,  boils  at  ISO-Ij?"  (B.  36,  R.  380). 

Zinc  Isobutyl,  Zn(C,H,),.  boils  ai  165-167"  {A.  223.  16S). 

Zinc  iBoaroyl.  Zn(qHu),.  boils  at  nia"  (A.  13a,  iii']. 

Transpositions. — The  line  alUyls  are  exceedingly  reactive, 

(I)  Wafer  decomposes  them  very  energetically,  forming  hydrocarbons  and  lint 
hydroxide  (see  Methane,  Ethane,  pp,  81,  82). 

(a)  Oiygen  is  added  by  slow  oxidation  in  tiie  air,  and  compounds,  e  g.,  (CHj),- 
ZnO,,  analogous  to  peroiides.  arc  produced.  These  eiplode  readily  aod  liberate 
iodine  from  potassium  iodide  (Q,  13,  394), 

(3)  llie  alcohols  convert  the  zinc  alkyls  into  zinc  alcobolalei  and  hydrocoiboos  : 

Zn(C,Hj),  +  C,Hj .  OH  =  Zn<^  J^'"'  +  C,H,. 

(4)  The  free  halogens  decompose  both  the  linc  alkyls  and  those  of  other  metals 
very  energetically: 

Zq(C,IIj),  +  iBr,  =  aC^HjBr  +  ZnlSr.,. 


(S)  They  react  with  chlorides  of  the  heavy  metals  and  t. 
I    alkyl  derivatives  ot  the  latter  are  produced  {p.  184I. 

(6}  The  zinc  alkyls  alisorb  sulphur  dioiide  and  become  t\ 

■  ii  (p.  isa)- 


■  nonmeials,  whereby 

c  salts  of  the  sulpbinic 

:  compound,  from 
c  salt  of  the  so-called  dimlroelAylic  aciii,  C,llj  .  N,0,H,  is  obtained 
I.  by  the  action  of  water  and  CO,. 

I       7**  afflicatiaa  ef  Ihi  tint  alkyls — nnc  mtlhidf  and  tine  tlhidt — it  par/imlaiiy 
I  imfarlani  in  nucleui-synlhttic  reactions  • 

I       (I)  Hydrocarbons  are  formed  when  the  alkyl  iodides  are  eiposed  to  high  lempera- 
I  tur«l  (p.  K4), 

\       (l)  When  line  alkyls  (zinc  and  alkyl  iodides)  act  upon  aldehydes,  acid  chlorides, 
*  ketones,  formic  esters,  acetic  esters,  and  chlorinated  ethers,  derivatives  of  secondary, 
trrHary,  and  primary  alcohols,  as  well  as  of  ketones,  are  produced.      The  alcohols 
(pp.  1 1  J,  tl4]  and  ketones  (p,  20g)  can  easily  be  obtained  from  ihetn, 

'Ilie  alkyl  oxides  and  the  alkylea  oxides  are,  however,  not  atlected  by  the  zinc 
■Ikyls  (B,  17,  1968). 
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D.  MERCURY  ALKYL  DERIVATIVES. 


The  dialkyl  compounds  are  formed— 

(1)  By  the  interaction  of  sodium  amalgam  and  alkyl  iodides,  with  the  addition  of 
acetic  ester  (Frankland,  A.  130,  105,  109).  The  rdle  of  the  acetic  ester  in  this 
reaction  has  not  yet  been  explained : 

2C,HjI  -f  Hg.  Na,=  (C,H4),Hg-h  2NaI. 

(2)  By  the  action  of  potassium  cyanide  upon  mercury  alkyl  iodides. 

(3)  By  the  action  of  zinc  alkyls  upon  mercury  alkyl  iodides : 

2C,HjHgI  4-  Zn(C,H4),  =  2(C,H5),Hg  +  Znl,. 

(4)  By  the  action  of  zinc  alkyls  upon  mercuric  chloride : 

HgCl,  +  Zn(C,H,),  =  {C,H,),Hg  +  ZnCI,. 

Properties. — These  compounds  are  colorless,  heavy  liquids,  possessing  a  faint, 
peculiar  odor.  Their  vapors  are  extremely  poisonous.  Water  and  air  occasion  no 
change  in  them,  but  when  heated  they  ignite  easily. 

Mercury  MethiUe^  i^g(CH,),,  sp.  gr.  3.069,  boils  at  95®.  Mercury  Ethide^ 
I^g(^2^^5)r  ^P'  SI*-  2-441  l^ils  at  159°  and  at  200°  breaks  down  into  Hg  and  butane, 
C^llji .  CjHj.     It  yields  ethane  (p.  82)  when  treated  with  concentrated  sulphuric  acid. 

The  tnonoalkyl  derivatives  arise  (l)  by  the  action  of  mercury  upon  alkyl  iodides 
in  sunlight :  C^H^I  -f-  Hg  ^  C,H. .  Hg .  I ;  (2)  from  the  dialkyl  mercury  derivatives — 
(<;)  by  the  action  of  halogens;  \b)  by  the  action  of  the  haloid  acids;  (c)  by  the 
action  of  mercuric  chloride. 

Mercury  Methyl  Iodide,  CH^Hgl,  forms  shining  needles,  insoluble  in  water,  melt- 
ing at  143°.  Silver  nitrate  changes  it  to  methyl  mercury  nitrate^  CHjIlg.O.  NO,. 
Mercury  Ethyl  Iodide y  C^HjHgl,  is  decomposed,  by  sunlight,  into  mercuric  iodide 
ami  C\H,o.  Mercury  Allyl  Iodide^  C-HjHgl,  melts  at  135°  and  is  converted  by  HI 
into  propylene  and  mercuric  iodide,  Hgl,.  Moist  silver  oxide  changes  the  haloid 
derivatives  to  hydroxyl  compounds  : 

C,II,HgCl  -h  (AgOH)  =  C,H, .  Hg  .  OH  -h  AgCl. 

Ethyl  Mercuric  Hydroxide,  C^H^HgOH,  is  a  thick  liquid,  soluble  in  water  and  in 
alcohol.     It  reacts  strongly  alkaline,  and  forms  salts  with  acids. 


E.  ALKYL  COMPOUNDS  OP  THE  METALS  OP  THE  ALUMINIUM  QROUP. 

The  aluniiiiiuin  alkyl  derivatives  attach  themselves  to  those  springing  from  boron 
{p.  180).  They  are  produced  by  the  action  of  the  mercury  alkyls  upon  aluminium 
tilings. 

Aluminium-Trimethyl,  A^CHj^j,  boils  at  130°.  Aluminium  Triethyl,  Al- 
(f^llj^),.  boils  at  194°.  Both  are  colorless  liquids  and  are  spontaneously  inflammable. 
Water  clecomi>oses  them  with  great  violence,  forming  methane  (ethane)  and  aluminium 
hydroxide.  Their  vapor  densities  answer  better  for  the  molecular  formula  Al(C,Hj), 
than  for  Al.^(ClIs)g  (see  B.  22,  551  ;  Z.  phys.  Ch.  3,  164). 

The  derivatives  of  trivalent  gallium  and  indium  have  not  been  prepared. 

The  thallium-diethyl  compounds  are  known. 

Thallium-Diethyl  Chloride,  Tl(CjH5)jCl,  is  formed  when  zinc  ethide  is  allowed 
to  act  upon  thallium  chloride. 

Thallium-diethyl  salts,  e.  g.y  Tl(C2ll5\0  .  NO,,  are  obtained  from  this  by  double 
decomposition  with  silver  salts.  If  the  sulphate  be  decomposed  with  barium  hydrate, 
thallium-diethyl  hydroxide y  T^QHj), .  Oil,  is  obtained.  This  is  readily  soluble  in 
water,  crystallizes  therefrom  in  glistening  needles,  and  has  a  strong  alkaline  reaction. 


I 


ALDEHYDES   AND   KETONES.  I87 

P.  ALXYL  COMPOUNOa  OP  LEAD. 

These  are  very  similar  to  ihe  derivatives  of  tin  (p.  i8i).  Deriva- 
\  lives  conlaining  twu  alkyl  groups  combined  witli  one  atom  of  lead  do 
In  these  the  lead,  as  in  most  of  its  inorganic  derivatives, 
I  would  be  bivalent.  Lead  alkyls  are  produced  (i)  by  acting  upon  lead 
I  chloride  with  zinc  ethide:  Pb(C,H,), ;  (a)  by  the  interaction  of  alkyl 
I  iodides  and  lead-sodium;  Pbi(C,H,',. 

ZfaJ  TflramflhiJf,  Pb(CH,),.  boila  at  no".  L/ad  TtlratlhUe,  PbiQHj),,  and 
Lead  Trirlhidf.  Pb,(C,Hjl„  are  oily  liquids  which  oniiat  be  distilled  without  decom- 
position. The  I'ot/ii/i',  Pb(C,llj),I,  is  produced  when  iodine  acts  upon  lead  lelmethide. 
On  beating  with  raoisl  silver  oxide,  liad intlkyi hydroxide,  Pb(C,iI.),.  OH,  distils 
ccr.  This  reacts  vcrj  alkaline,  and  forms  crystalline  salts  with  tbe  acids.  The 
sulphati.  [Pb(C,H5)j],S0.,  dissolves  in  water  with  difficully. 


a.  ALDEHYDES  AND  3.  KETONES. 

When  the  derivatives  of  the  methane  hydrocarbons  containing  oxy- 
gen were  discussed,  attention  was  directed  to  llie  intimate  genetic 
relations  existing  on  the  one  hand  l>etween  Ihe  primary  alcohols, 
ihe  aldehydes  and  mono  carbuxylic  acids,  and  on  the  other  between  the 
secondary  alcohols  and  the  ketones  (p.  roS), 

Aldehydes  and  ketones  contain  the  carbonyl  group  CO,  which  in 
ihe  latter  unites  two  alkyls,  but  in  the  former  is  combined  with  only 
one  alkyl  and  one  hydrogen  atom : 


™<o 


nclhyl  Kc<i 


This  expresses  the  similarity  and   the  difference   in   character  of 
[  aldehydes  and  ketones. 

Aldehydes  and  ketones  may  be  considered  as  the  oxides  of  bivalent 
[  radicals,  or  as  the  anhydrides  of  diacid  akokols,  01  giyeoh,  in  which 
f  both  hydroxyl  groups  are  attached    to  the  same  terminal  or  inter- 
mediate   carbon    atom.      Whenever    the    formation    of   dihydroxyl 
derivatives  of  the  type  >C<^_„  might  be  expected,  then,  except 
in  very  rare  instances,  water  separates,  an  anhydriiie  is  produced,  and 
double  union  lietween  carbon  and  oxygen  follows,  with  the  production 
of  Ihe  carbonyl  groii])  >C  ^  O.     Ethers,  however,  of  diacid  alcohols, 
of  the  oriho-aidehydes  and  ortho  ketones,  can  exist,  e.  g.: 
CH, .  CH(0 .  C,tl,),  and  CHj ,  C(0 .  C.Hs), .  CH^ 
The  following  principal  methods  of  formation  are  common  to  aide- 
fthydes  and  ketones : 

(i)  Oxidation  of  the  alcohols,  whereby  the  primary  alcohols  change 
I  to  aldehydes  and  the  secondary  to  ketones  (p.  1 1 1). 
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In  this  oxidation  an  oxyfren  atom  pushes  itself  between  a  hydrogen  atom  and  the 
carbon  atom  to  which  the  hydroxy!  group  is  joined.  In  the  moment  of  formation 
the  expected  diacid  alcohol  splits  off  water,  and  its  anhydride  results, — an  alde- 
hyde or  ketone  : 

CH,-CH,OH  —  — >  (CH,.CH<gU)   >  CH,.C^-f  H,0 

Primar>'  Alcohol  Cannot  exist  Aldehyde 

^|^.>cnoH  _-0_^  (cl{:>c<8l|) >^S;>c=o  +  H,o. 

Sec.  Propyl  Alcohol  Cannot  exist  Acetone. 

By  further  oxidation  the  aldehydes  become  acids-— /i/  hydrides  of  the  acid 
radicaiSf — while  the  ketones  are  decomposed. 

Conversely,  aldehydes  and  ketones  Again  become  primary  and 
secondary  alcohols  by  an  addition  of  hydrogen : 

CH, .  CHO  +  H,  =  CH, .  CH, .  OH 

Aldehyde  Ethyl  Alcohol 

CH*>CO    -|-H,=  ^JJ»>CH.OH. 
Acetone  Isopropyl  AlcohoL 

Because  the  aldehydes  and  ketones  manifest  an  additive  power  with 
reference  to  hydrogen,  they  may  be  compared  with  compounds  con- 
taining doubly  linked  carbon  atoms,  which  also,  by  a  dissolution  of 
their  double  union,  can  add  hydrogen.  Compounds  of  this  class 
having  in  their  molecules  carbon  atoms  which  are  doubly  (or  trebly) 
united,  are  in  the  more  restricted  sense  called  ^^unsaturated  carbon 
derivatives''  (p.  79).  This  idea  may  be  extended,  and  all  carbon 
derivatives  having  atoms  of  other  elements  in  double  or  treble  union 
with  carbon,  mav  be  considered  as  *'  unsaturated^  From  this  stand- 
l)oint  the  aldehydes  and  ketones  are  unsaturated  bodies  (p.  38),  and 
in  fact  most  of  the  reactions  of  these  two  classes  are  due  to  the  addi- 
tive ])ower  of  the  unsaturated  carbonyl  group. 

(2)  The  dry  distillation  of  a  mixture  of  the  calcium,  or  better, 
barium  salts  of  two  monobasic  fatty  acids.  Should  in  this  case  one 
of  the  acids  be  formic  acid,  aldehydes  are  produced  : 

H  .  COO    ^        CH3 .  COO.  p    _  CH3 .  COH        ™  ^ 
1 1 .  COO->^^  +  CIIs  .  COO-^^*  —  CH, .  COH  "+"  ^^"^i^- 

Calcium  Formate       Calcium  Acetate  Acetaldehyde. 

It  is  the  hydrogen  of  the  formate  which  reduces  the  acid. 
In  all   other  instances  ketones  result,  and  they  are  either  simple^ 
with  two  similar  alkyls,  or  mixed,  with  two  dissimilar  alkyls : 

ai::cCS>C''  =  cH:>co  +  co,Ca 

Acetone 

ch;  :  c88>C'' + c:h:cCC>C'' = ^  c'h;>co + ^^0.0.. 

Calcium  Propionate  Ethyl  Methyl  Ketone. 

On  extending  this  reaction  to  the  calcium  salts  of  adipic,  pimelic  and  suberic  acids, 

cyclo-paraffin  ketones  are  produced. 
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The  aldehydes  exhibit  In  their  properties  a  gradation  similar  to  that.; 
of  the  alcohols.  The  lower  members  are  volatile  liquids,  soluble  in 
waier,  and  have  a  peculiar  odor,  but  the  higher  are  solids,  insoluble  in 
water,  and  cannot  be  distilled  without  decomposition.  In  general 
they  are  more  volatile  and  dissolve  with  more  difficulty  in  water  than 
the  alcohols.  In  chemical  respects  the  aldehydes  are  neutral  sub- 
stances. 

Formation. — (i)  By  the  oxidation  of  primary  alcohols,  when  the 
— CH, .  OH  group  becomes  — CHO  (p.  188). 

)c  effected  by  onygi-n  ;  or  air  in  presence  ol  pUlinum 
CBdllr  on  wanning  the  alcabuls  wiih  potassium  dichro- 
rMnO,)  and  dilutcsulpburic  acid  (B,  5.699).  Chlorine  acts  simiUtly  in  that 
it  fiist  onidiies  the  primary  alcohols,  but  then  lubsiiiuies  ihe  alkyl  groups  of  itie  alde- 
hydes which  have  been  fanned  (p.  197). 

(2)  By  healing  the  calcium  salts  of  fally  acids  with  calcium  formate. 
This  operation,  when  working  with  aldehydes  which  volatilize  with 
difficulty,  should  be  carried  out  under  diminished  pressure  (p.  63) 
(B.  13.  1413}- 

(3)  By  the  action  of  nascent  hydrogen  (sodium  amalgam,  or,  better, 
sodium  upon  the  moist  ethereal  solution,  B.  29,  R.  662)  upon  the 
chlorides  of  the  acid  radicals  or  their  oxides,  the  acid  anhydrides  : 

CHj.COCl   +  2H  =  CHj.COH  +  HCl 

Acelyl  ClilotiJe  Acelaldcli)de 

Ch'  *  C0^°  +  4H  =  iCH, .  COH  -f  H,0. 
Anlic  An  hydride  AcMaldcbyde. 

In  accordance  with  methods  2  and  3  the  aldehydes  may  be  viewed 
as  hydrides  of  the  acid  radicals. 

(4)  By  heMiog  the  aldehyde  chlorides  with  water  alone,  or  «iih  water  and  lead 

(5)  By   the  saponification   of   ihe  ethereal  and   ( 


I 


^S'^'"'. 


',  viih  sulphuric 


CH, .  CH<qJ?U'.  and  nhidtHi  Jiacflatt.  CH, ,  CH  <^  ■  ^  ■  ^|J", 
acid  or  allialies.  From  methods  4  and  5  dihydroiyl  derivatives  should  be  at  lir 
preduecd.  These  are  the  glyceh,  which,  however,  inwnediaiely  pass  into  aldehydi 
with  Ihe  limullaneous  exit  of  water  (p.  iSS)  ; 


'  cn,.CH<J;j 


-OH, 


■  ccH,.cH<^;5, 


i 


(6)  When  the  sodium 
to  a  terroiDBl  caibon  alo 
{B.  39,  1213)  (p.  156). 

(7)  Aldehydes  can  al> 
liculaily  ihe  aldehyde  an 


I 
J 
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(8)  When  the  a  moDo-carboxylic  acids  are  treated  with  sulphnric  add  aldehydes 
are  formed,  with  a  simultaneous  spIittiDg-ofT  of  formic  acid  or  its  decomposition 
products — water  and  carbon  monoxide : 

CH, .  CH(OH)CO,H  =  CH,.  CHO  +  H  .CCMDH. 
Lactic  Acid  Acetaldehyde      Formic  Acid. 

Note, — Quite  frequently  aldehydes  occur  among  the  decomposition 
products  of  complex  carbon  compounds,  as  the  result  of  their  oxida- 
tion with  MnO,  and  dilute  sulphuric  acid,  or  by  means  of  a  chromic 
acid  solution. 

Nomenclature  and  Isomerism, — Empirically,  the  aldehydes  are  dis- 
tinguished from  the  alcohols  by  possessing  two  atoms  less  of  hydrogen 
— hence  their  name,  suggested  by  Liebig  (from  Alkohol  dehydroge- 
natus)y  e.  g.y  ethyl  aldehyde,  propyl  aldehyde,  etc.,  etc.  On  account 
of  their  intimate  relationship  to  the  acids,  their  names  are  also 
derived  from  the  latter,  like  acetaldehyde,* propionic  aldehyde,  etc. 

In  the  *'  Geneva  nomenclature"  the  names  of  the  aldehydes  are  formed  from  the 
corresponding  saturated  hydrocarbons  by  the  addition  of  the  suffix  al ;  thus  ethyl-  or 
acetaldehyde  would  be  termed  [ethanal]  (p.  57)« 

As  there  is  an  aldehyde  corresponding  to  every  primary  alcohol,  the 
number  of  isomeric  aldehydes  of  definite  carbon  content  equals  the 
number  of  possible  primary  alcohols  having  the  same  carbon  content 
(p.  109).  The  aldehydes  are  isomeric  with  the  ketones,  the  unsatu- 
rated ally]  alcohols,  and  the  anhydrides  of  the  ethylene-glycol  series, 
containing  an  equal  number  of  carbon  atoms,  e,  g.  : 

(  H^CII^  CHO  isomeric  with  CH3.CO.CH,      CH,  =  CHCH,OH     CH,<^|;J«>0. 

Propionic  Aldehyde  Acetone  Ally  1  Alcohol      Trimethylene  Oxide. 

Transformations  of  the  Aldehydes :  A.  /Reactions  in  which  the  carbon 
nucleus  of  the  aldehydes  remains  the  same. 

(1)  Aldehydes,  by  oxidation,  yield  monocarboxylic  acids  with  a 
like  carbon  content.      They  are  powerful  reducing  agents : 

QWf^^  +  O  =  CH,— C^^". 


^O 

Their  ready  oxidation  gives  rise  to  important  reactions  serving  for  the  detection 
and  recognition  of  aldehydes.  On  adding  an  aqueous  aldehyde  solution  to  a  weak 
arnmoniacal  silver  nitrate  solution,  silver  separates  on  the  sides  of  the  vessel  as  a 
brilliant  mirror.  Alkaline  copper  solutions  are  also  reduced.  A  very  delicate  reac- 
tion of  the  aldehydes  is  their  power  of  imparting  an  intense  violet  color  to  a  fuchsine 
solution  {previously  decolorized  by  sulphurous  acid.  The  following  is  more  sensitive  : 
Add  an  aldehyde  and  a  little  sodium  amalgam  to  the  sodium  hydroxide  solution  of 
diazobenzenc  sulphonic  acid  and  a  violet-red  coloration  is  produced.  (Compare 
further  B.  14,  675,  791,  1848;   15,  1635,  1828;   16,  657;   17,  R.  385.) 

When  oxygen  or  air  is  conducted  through  the  hot  solution  of  an  aldehyde  (like 
paraldehyde)  in  alcoholic  notash,  an  intense  light-display  is  observed  in  the  dark ; 
many  aldehyde  derivatives,  and  even  grape  sugar,  deport  themselves  similarly  fB. 
10,  321).  Aldehydes  absorb  oxygen  from  the  air.  The  oxygen  in  this  solution,  hke 
ozone,  can  liberate  iodine  from  a  potassium  iodide  solution  (B.  29,  I454). 
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(3)  Nearly  all  the  aldehydes  are  converted  inlo  resin  by  the  alkalies ; 

transformed  into  acids  and  alcohols  (this  is  es|)ecially  true 
of  the  aromatic  aldehydes),  and  others  into  acids  and  glycols  (see 
these)  by  alcoholic  alkali  solutions  ; 


The  ease  with  which  the  double  union  of  the  carbon-oxygen  atoms 
is  broken  is  the  cause  of  a  large  number  of  addition  reactions,  which 
tre  in  part  followed  by  an  exit  of  water. 

(3)  Aldehydes,  by  the  addition  of  nascent  hydrogen,  become  pri- 
mary alcohols,  from  which  they  are  obtained  by  oxidation : 

cii,.  cno  +  iH  =  cn,.  CHjOH. 

(4)  Deportment  of  the   aldehydes  toward  water  and  alcohols,     {a) 
I  Ordinarily,  aldehydes  do  not  combine  tcorapare  p.  195;  CH,(OH),) 

vith  water.  The  jjolyhalide  aldehydes,  e.  g.,  chloral,  bremal,  butyl 
■hloral  (pp.  197,  198)  do,  however,  have  this  power,  and  yield  feeble 
ind  readily  decomijosable  hydrates,  representatives  of  diacid  alcohols 

I  or  glycols,  both  hydroxyl  groups  of  which  are  attached  to  the  same 

(carbon  atom : 


CCI,CH<" 


CBr,CH<^ 
Bronml  Hydral 


CH,.  CHCl .  CC1,CH<; 
Butyl  Chloral  H)-drKl< 


OH. 


CC1,H<J;|^^>"'     Chloml  AlcobolBte. 

(f)  The  otdinnry  aldehydes  yield  aceliilt  with  the  ■Icobols  al  H»"  (p.  aoo): 

CH,.CHO  +  2C,Hj.OH  =  CH,.CH<q;^U'  -t-  H,0. 


(S)  Btkatiitr  of  the  aldlhydis  ivilh  hydrogen  sulphide  and  mercapiai 
gen  sulphidt  »iid  hydrochloric  add "  """"  -''-'--'--  ' —   .  ■.i..-. 


CB,.CH0  +  £;i;;S>o-cii..cn  -°;j;;|;.g. 


with  ibe  mireaplani  the  aldehyde 
of  hydrochloric  acid  (p.  2CH)> 

(6)  Aldehydes  and  acid  anhydrides  unite  (o  es 

IctJs,  which  anr  not  stable  io  tn  isolotetl  condilioi 
leesnlcd  as  their  anhydrides  (pp.  18S,  1S9)  : 
ph 


K^-)  hydro. 

ihe  alJehydea  into  IrilhiaatJehyJ/s :  (i) 

etat  syathesis  after  the  addition 


(7)  Aldehydes  unite  in 

[iphites,  fortning  crystalline 

CH,.CHO  +  SOjHNa  =  CII,.  CH<^'jj| 


imilar  mariner  1 
pounds : 


ih  acid   alkaline  sul- 


Liquid  rormaldehydc  changes  slowly  ai  — jo',  rapidly  at  the  ordi- 
nary tftniierature,  with  a  snajiping  noise,  into  trwxymethyltnf  (CH,0), 
(U.  as.  '4J5)-  This  lnjlymcric  modification  was  known  before  the 
simple  fottnaidehydc.  It  resolves  itself  into  (he  latter  on  ihe  applica- 
tion of  heat.  Formaldehyde  possesses  a  sharp,  penetrating  odor,  and 
destroys  bacteria  of  ihe  most  varied  sort.  Il  is  applied  under  the  natne 
oi  formaline,  either  in  solution  or  as  a  gas,  for  disinfecting  purposes 
(B.  V],  R.  757.  803;  a8,  R.  93S;  29,  R.  178,  a88,  426). 

Mtlhoils  iij  Formathn. — (i )  Il  is  produced  if  the  vapors  of  methyl 
alcohol,  mixed  with  air,  are  conducted  over  an  ignited  platinum  spiral 
or  ignited  cop|3er  gauze  (J,  pr.  Ch.  33,  321;  U.  19,  2133;  20, 
144:  A.  243,  335).  I.amps  have  been  constructed  for  the  pnxluction 
of  formaldehyde.  Methyl  alcohol  is  oxidized  in  ihem  in  the  presence 
of  a  platinum  wire  gau^e.  t.'ompare  B.  38,  i6i,  (»)  When  chlorine 
and  bromine  act  upon  methyl  alcohol,  formic  aldehyde  is  produced  (B. 
36,  368),  and  is  converted  by  them  in  sunlight  into  haloid  acids  and 
carbon  dioxide  (B.  39.  R.  SS).  (3}  It  also  arises  in  small  quantity  in 
the  distillation  a^  calcium  formate.  (4)  By  the  digestion  of  methylal. 
CH.COCH,),  Cp.  aoo)  with  sulphuric  acid  (B.  ig,  1S41). 

Mercklin  snd  Ltlselonii,  in  Seclic,  near  I  Unuovcr,  manufacture  loniiBldehydc  lerh- 
DiCBlIy  rram  melliy!  alcuhol  by  a  melLnd  doI  wcI!  known,  and  olfer  its  40  per  mil, 
lolution  la  trade,  (ogethei  with  numerous  other  derivitites  of  formaldehyde.  Th« 
quan lit;  of  formic  aldehyde  iadetcnninedby  ita  conTenion  into  hcxamethyinieamjne, 
(Ct!,i^,  (B.  IS,  1333 i  2a,  1565,  iijag;  a6,  R.  415),  In  tlie  presence  of  lime 
farmildehyde  condenses  to  a-airoit  or  (□ -I- 1)  fructose  (ue  this).  It  yields  fmM' 
erytkrUf  C(CH,OHJ,  (sec  this)  {B.  a6,  K.  713)  with  acelaldehyde.  Formic  aide- 
hyde  condenses  in  [ike  manner  with  kelone-likc  bodies. 

In  (he  various  reactions  of  formaldehyde  lis  oxygen  unites  with  tvto  hydrogen 
aloms  of  Ihe  reacting  body  to  yield  water.  It  is  immaterial  whethei  the  bydiogen  is 
in  union  with  carbon,  nitrogen,  or  oij^n.  The  products  are  diphenylroelhanedetiv. 
«tives,  methylene  aniline,  and  fonnals  of  polyhydric  alcohols  (A.  aBg,  20). 

Pelymirii  Modificalions  ef  FormaMtkyde. — The  concentrated  aqueous  solution  of 
formic  acid  not  only  contains  volatile  CII,0,  but  ilso  the  hydrate  CH,<q^,  >'.  t. , 
hypothetical  methylene  glycol,  on d  non-volatile  polyhydralea,  ^.  i-,,  (CH,),0(OH)„ 
corresponding  to  polyethylene  glycols.     Therefore  the  delenninatioos  of  the  tnolecu- 


esponding  tt 
weight  oflh 


I 


the  solution,  by  the  melhod  of  Raonll,  have  yielded  diftercnl  Toluei  (B. 
i><  i^uji  "1  471)'  <Jn  complete  evaporation  of  the  solution  the  hydrates  condense 
to  the  solid  anhydride  (CH,0),,  porafonnaldehyde,  ^QiviAy  itifiitmaliirkydt,ifl'^fi\. 

Trioxymelhylene,  (C1[,U),,  or  MclaroTnuldchydc,  is  distinguished  trom  (be 
so-called  pBraformatdeliydc.  whose  simplicity  has  notyetbeencslablislicd.bjilsinaolu- 
hility  in  water,  alcohol,  and  ellier.  Il  is  obtained  by  the  action  of  silver  oxide  upon 
melhenedi  iodide,  or  by  healing  metheae  di-acelyl  esler  with  water, lo  100";  by  dia 
tilling  glycollic  acid  with  a  little  concentrated  sulphuric  acid,  and  bythc  concentration 
of  formic  aldehyde  (tee  above).  Il  is  a  while,  indistinctly  crystalline  moss.  Il  melts 
at  171°.  The  vapors  have  the  formula  CH,0,  which  corresponds  lo  their  density. 
When  cooled  they  again  condense  lo  thr  Irimolecnlar  fomi.  When  it  is  healed  with 
water  In  130°  il  changes  to  Ihe  simple  molecule  CH,0,  but  by  ptoiuosed  heating 
carlxin  dioxide  and  methyl  alcohol  are  produced  (C.  ag,  R^&SS).- 

When  dry  Irfoxymethylene  is  healed  wilb  n  trace  of  sulj^iiiiic  acid  to  1 1%"  in  s 
sealed  lube  il  is  changed  into  the  isomeric  Tyioxymtfhyltiit,  (C[I,0),.  cryslallitingj 
in  long  needl«s  and  melting  at  6o-6i'>  (B.  17.  R.  567). ' 

The  jwlymeric  modiRcalions  of  foimaldehydc  have  not  yet  been  as  sucicssfully 
studied  as  the  polymeric  acetaldehydes. 


^V     Aceti 

^^P  is  formec 
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Acetaldehyde,  C,H,0  =  CH. .  CHO,  Etkylidene  Oxide  [EihanalJ, 
is  formed  according  to  the  usual  methods;  (i)  From  ethyl  alcohol ; 
(a)  from  calcium  acetate  i  (3)  froro  acetyl  chloride  or  acetic  anhydride; 
(4)  from  ethylideiie  chloride;  (5)  fromacetal  and  ethidene  diacetate; 
(6)  from  lactic  acid,  and  (7)  from  sodium  nitroethane.  It  occurs  in 
the  first  runnings  in  the  rectification  of  spirit,  and  is  made,  too,  in  the 
oxidation  of  alcohol  in  running  over  wood  charcoal  (p.  123)- 

Hiitery. — In  1774  Schcele  noiiced  ih«t  aldehyde  was  formed  when  akoho!  was 
on-idiied  witli  i]i>ngane»e  dioxide  and  sulphuric  acid.  D6l>eiefner,  honever,  wis 
the  lirst  person  to  i!H)late  itie  aldehyde  in  (he  form  of  aldehyde-ammonia,  which  he 
gave  for  irKesligation  to  Licbig,  who  then  eslabliihed  the  compoiilion  of  sldch;tdc 
■nd  showed  ill  relation  to  ale  hoi.  ll  was  Liebig  who  intnoduced  the  name 
■(*/(eohol)a'i-Avrf(el(togenatusi  into  cliemical  science  {A.  14.133:  ".  ^73!  '5. 
171.  Ordinary  aldehyde  readily  polyraeriiel  to  liquid  paraldihydi.  and  solid  mttal- 
drkydi.     Fehling  iirsl    observed   the  former,  and    Liebig    [lie   latter.     Kekuli   and 

r  Zincke  determined  the  conditions  of  formalion  for  the  aldehyde  mod ificut ions  and 
cleared  up  the  somewhat  confined  rejction  relations  (A.  161,125). 

i  Prtparalion.—l'oai  11  parts  H,0  over  3  parts  K,Cr,0;  (B,  27,  R.  471),  and  then 
gradually  add.  taking  care  to  haie  the  solution  cooled,  a  mixture  of  4  parts  con- 
centrated H,Sl>,  and  3  pans  alcohol  (90  per  cent.].  The  escaping  aldehyde  vnpors 
are  coodncted  into  ether,  and  this  solution  saturated  with  dry  NH,.  when  the 
aldehyde  ammonia  will  separate  in  a  crystalline  form.  Pure  aldehyde  may  be 
obtained  from  this  by  distilling  11  tt^ether  with  dilute  sulphuric  acid.  The  aldehyde 
*apon  are  freed  from  molsttite  by  conducting  them  over  dehydrated  calcium  chloride. 

I       Aceialdehyde  is  a  mobile,  peculiar  smelling  liqiiid.    It  boils  at  ao.S", 
I   and  lias  asp.  gr.  of  0.S009  at  o*.     U  is  miscible  in  all  pro[>arlions 

with  water,  ether  and  alcohol.     It  is  prepared  technically  in  order  to 

obtain  paraldekydt  and  quinaldine  (see  this). 

Polymeric  Aldehydes.— ^mall  quanCilies  of  acids  (HCl,  SO,)  or  sahs  (espe- 
cially ZnCl,,  CH,CO,Na)  convert  aldehyde  at  ordinary  tim/nrature!  into  paralde- 
hyde, {CMfl), ;  the  change  (accomplished  by  CTolution  of  heat  and  contraction) 
il  particularly  rapid,  if  a  few  drops  of  sulphuric  acid  be  added  to  the  aldehyde. 
Paraldehyde  is  a  colorless  liquid  boiling  at  124°,  and  of  sp.  gr.  0.1)943  at  10°.  ll 
dUsolves  in  about  12  vols.  H,0,  and  is,  indeed,  more  soluble  in  the  cold  than  in  the 
warm  liquid.  This  behavior  would  point  to  the  formalion  of  a  hydrate.  The  vapor 
density  agrees  with  the  formula  (I,H„0,.  Paraldehyde  is  applied  in  medicine  as 
a  sleep- pi™lucer.   When  distilled  with  sulphuric  acid  ordinary  aldehyde  is  generated. 

Melaldehyde,  (C,K,Oj„,  is  produced  by  the  same  reag  nts  (see  above)  acting  on 
ordinary  aldehyde  at  Itmptroturts  MeTvo".  It  is  a  while  cryalalline  body,  insoluble 
in  water,  bui  readily  dissolved  by  hot  alcohol  and  eiher.  If  heated  to  iii'-iis"  it 
■ubiimes  without  previ'iusly  melting,  and  passes  into  ordinary  aldehyde  with  only 
slight  decomposition,  ^^1le^  heated  in  a  sealed  tube  the  change  is  complete,  Ex- 
poied  for  several  days  to  ■  temperature  varying  from  fe'-fis",  mctaldchyde  passes 
into  aldehyde  and  paraldehyde  (B.  36,  R,  775). 

The  vaiior  density  and  the  lowering  of  the  freezing  point,  in  a 
,  phenol  solulion,  indicate  thai  the  two  aldehyde  modifications  possess 
\  the  formula  (C,H,0),  (B.  27,  R.  306).  Chemical  behavior,  refractive 
I  power  (p.  65),  and  specitic  volume  favor  the  single  linkage  of  oxygen 
I  and  carbon  ;  that,  therefore,  the  three  oxygen  atoms  unite  the  three 
I  ethylidene  groups  to  a  ring  of  six  memliers: 

CH,.CH''g2™j^}]']>0  (B.  34,  650;  as,  3316;  a6,  R.  185). 


I 
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alcoliol.     The  only  mono-ether  to  be  noticed  in  this  connection  is  chloral  alcoholate^ 
which  was  mentioned  under  chloral  hydrate : 

CCl3CH<^}{  CCl,CH<^^"»  ^^^«^"<0&h'* 

Chloral  Hydrate  Chloral  Alcoholate  Trichloracetal. 

Alcohols  not  highly  substituted  by  halogens  are  as  little  able  to  combine  with  a 
molecule  of  alcohol  as  with  water.  The  dialkyi  ethers  are  named  acetals^  from  their 
best-known  representative.  They  are  isomeric  with  the  ethers  of  the  corresponding 
true  glycols^  whose  OH-groups  are  attached  to  different  carbon  atoms: 

^O.C.IL  CH,.O.C,H. 

CH3.CH^         *    *  I 

■O.CjHs  CHj.O.CjHj 

Acital  Glycol  Diethyl  Ether. 

The  polymeric  aldehyde  modifications,  described  onder  the  aldehydes,  should  also 
l>e  viewed  as  ether-like  derivatives  of  the  glycols,  the  anhydrides  of  which  are  the 
alciehvdes. 

A.  Acetals  are  produced  (l)  when  alcohols  are  oxidized  with  MnO,  and  H^SO^. 
I'hc  aldehyde  formed  at  first  unites  with  alcohol  with  the  simultaneous  separation  of 
water : 

SCHj.CHjOH ^   CH,CH(O.C,Hj)j-f  2H,0. 

(2)  When  aldehydes  are  heated  with  the  alcohols  alone  to  100^;  and  from  tri- 
oxymethvlene  and  alcohols  on  the  addition  of  ferric  chloride  (I-4  per  cent.)  (B.  27, 
K.  5o(.)/ 

(3)  By  the  action  of  gaseous  HCl  upon  a  mixture  of  alcohol  and  aldehyde,  chlor- 
hydrifi  (see  ethylene  glycol)  being  the  first  product: 

('n3CHO     CjII.OH  -^  CH3CH<gj^"^  C»H>OH  ^  cH,.CH<^^^HHa. 

(4)  Hy  the  action  of  alcoholates  upon  the  corresponding  chlorides,  bromides  and 
iodides. 

On  heating  the  acetals  with  alcohols,  the  higher  alkyls  are  replaced  by  the  lower 
(A.  225,  265).  When  the  acetals  are  digested  with  aqueous  hydrogen  chloride  they 
are  resolved  into  their  constituents.  They  dissolve  readily  in  alcohol  and  in  ether,  but 
witli  dittioiilty  in  water.  • 

Methylal,  Methylene-dimethyl  Ether,  Formal,  CH,(OCHs^„  boils  at  42°  and 
ha«>  the  sp.  ^r  0.S55.  It  is  an  excellent  sc>lvent  for  many  carbon  compounds. 
Methylene-dimethyl  Ether,  CH2(OC,H3)2,  l>oils  at  89°.  For  the  higher  methylals 
set'  \\.  20,  K.  S53  ;   27.  K.  507. 

Eihidene-dimethyl  Ether,  Dimethyl  Acetal,  CHsCI^OCH,),,  boils  at  64°. 
A.c-fj/,  cthideiic-diethyl  ether,  CH3CH(OCjH^),,  boils  at  104°.  Its  sp.  gr.  iso.8314 
at  20°.  It  is  j)rc>duced  in  the  process  of  brandy  distillation.  It  is  quite  stable 
t«uva!(ls  the  alkalies,  while  dilute  acids  readily  break  it  down  into  aldehyde  and 
alcohol  (  r>.   16,  512). 

(  hlorine  acting  upon  acetal  produces — 

(n  Monochloracetal,  ('H..C1 .  CH.O  .  C^H^^j,  boiling  at  157°  (B.  24,  161).  It 
aKo  results  from  Dichlorelhfr]  CH^Cl  .  CHCl .  c3C,Hj,  and  alcohol  or  sodium  ethyl- 
ale  1  H    21,  61 7I. 

{2\  Dichloracetal,  CHCl, .  CH(0 .  C^H^^,  boiling  at  l83-l84*>. 

Alcohol  and  chlorine  yield  — 

Trichloracetal,  CCl, .  CHfOCjH^,.  boiling  at  197°. 

Monobromacetal,  CH2BrCn(()C2Hj),,  boiling  at  170°,  is  produced  from  acetal, 
bromine  and  CaCO,  (H.  25,  2551).  Sulphuric  acid  decomposes  the  chlorinated 
acetals  into  alcohol  and  chlorinated  aldehydes  (p.  198). 
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B.  Dihalogen  Aldehydes  and  Aldehyde  Halohydrins,  their  Alkyl  Ethers 
and  Anhydrides. 

In  describing  the  dihalogen  substitution  products  of  the  paraffins  it  was  indicated 
that  compounds  in  which  two  halogen  atoms  occur  joined  to  the  same  terminal 
carbon  atom  bear  an  intimate  genetic  relation  to  the  aldehydes,  and  are  therefore 
called  aldehyde  dihaloids. 

If  these  compounds  be  referred  to  the  glycols  containing  two  hydroxyl  groups 
attached  to  the  same  terminal  carbon  atom, — <.^.,  the  hypothetical  ortho-aldehydes,— 
I  hen  the  aldehyde  haloids  are  the  neutral  haloid  esters  of  these  glycols.  Between 
the  ortho-aldehydes  and  the  aldehyde  haloids  stand  the  monohaloid  esters,  the 
aldehyde  halohydrins,  isomeric  with  the  monohaloid  esters  of  the  true  glycols, — the 
glycol  halohydrins, — but  only  known  in  the  form  of  their  alkyl  ethers,  the  a -mono- 
haloids,  ordinary  ethers  and  their  anhydrides,  the  symmetrical  a-disubstituted, 
ordinary  ethers : 


(CH,<C|1) 


(C»C  .J 


CH, 


(CH.<gi^) 


^   cn,ci 


CH, 


CI 
CI 


CH 


CH,  C 


\ 


H, 


CI 


^CHCl.CH,    CHCL 
^CHCl.CH,    CH, 


The  genetic  relations  of  the  aldehyde  haloids  to  the  aldehydes  consist  in  the 
formation  of  aldehyde  chlorides  from  the  aldehydes  by  means  of  PCl^,  and  the 
transposition  of  the  aldehyde  chlorides  when  heated  to  loo^  with  water. 

I.  Aldehyde  Dihaloids. — The  lx)iling  points,  melting  points  and  specific  gravities 
of  some  of  the  simple  aldehyde  dihaloids  are  given  in  the  appended  table.  The 
inclosed  numbers  after  the  boiling  points  indicate  diminished  pressure: 


Name. 


Methylene  Chloride, 
Methylene  Bromide, 
Methylene  Iodide,  . 
Ethidene  Chloride,  . 
Ethidene  Bromide,  . 
Ethidene  Iodide,  .  . 
Propidene  Chloride, 


Formula. 

M.  P. 

B.  P. 

41^             1 

Sp. 

Gr. 

CHjCL 

(   0°) 

CHjBr, 

98°             ' 

2-54 

(    OO) 

CH,I, 

+  4° 

150° (330) 

3.28 

(15°) 

CH3CHCI, 

— 

580 

1. 17 

{20O) 

CHjCHBr- 

1 10® 

2.02 

(20^) 

CI1,CHL 

CH, .  CHjCHCl, 

— 

127^(171) 

2.84 

(   0°) 

860 

1 

1. 16 

(14°) 

._   . 

1 

Methylene  Chloride  is  formed  from  CH3CI  and  CI,  and  by  the  reduction  of 
chloroform  by  means  of  zinc  in  alcohol. 

Methylene  Bromide  results  on  heating  CH,Hr  with  bromine  to  180°,  and  by 
the  action  of  trioxymethylene  upon  aluminium  bromide. 

Methylene  Iodide  is  produced  when  iodoform  is  reduced  with  HI,  or  better, 
with  arsenious  acid  and  sodium  hydroxide  (Klinger).  It  is  characterized  by  a  hi<^h 
specific  gravity;  chlorine  and  bromine  change  it  10  methylene  chloride  and  bromide 
(compare  ethylene,  p.  90). 

Ethidene  Chloride,  Aldehyde  Chloride^  is  produced  (l)  from  aldehyde  by  the 
action  of  PCI5,  (2)  from  vinyl  bromide  by  means  of  hydrogen  bromide,  and  (3)  by 
treating  copper  acetylide  with  concentrated  hydrochloric  acid  (A.  178,  ill)  (compare 
ethylene,  p.  90). 

Ethidene  Bromide  Is  obtained  by  the  action  of  PCI,Br2  upon  aldehyde  ( B.  5, 

289). 

Ethidene  Iodide  is  obtained  from  acetylene  and  Iiydrogen  iodide  (B.  28,  R.  1014). 


202  OIJGANIC  chemistry. 

2.  Alkyl  Ethers  of  the  Aldehyd  Halohydrins,  a-Monohaloid  Ethers  — 
These  result  from  the  action  of  alcohols  and  haloid  acids  upon  the  aldehydes. 
Alcohols  or  alcoholates  readily  convert  them  into  acetals.     Monochlormethyl  Ether ^ 

CH,<^|-  ^«'**,  boils  at  6o»;  D.  y  ==  1.1508.      Monobrommethyl  Ether  boils  at 

87^;  sp.  gr.,  I  531  (12.5^).     MoPiO'iodometkyl  ^Mrrboikat  124^;  sp.  gr.,  2.0249 

(15.9O)  (15.  26,  R.  933).     MoHccklormetkyleikyl  Ether,  CH,<^[^^»,  boils  at  80°  ; 

D.  Y  =  I  023.  Consult  B.  27,  R.  670,  for  higher  moDochlormethyl  alkyl  ethers. 
a-Monochlorethyl  Ether,  CH, .  CHCl .  O .  CHT.  CH„  boiling  at  980,  and  isomeric 
with  ethylene  chlorhydrinethyl  ether,  QCH, .  CH,  .  O .  C|H^  is  produced  by  the 
chlorination  of  ether,  and  by  saturating  a  mixture  of  aldehyde  and  alcohol  with 
hydrochloric  acid,  into  which  substances  it  is  again  resolved  by  water.  Alono- 
bromethyl  Ether  boils  at  10$®  (B.  x8,  R.  322J. 

3.  Sym.  a-Dihalogen  Alkyl  Ethers,  Etners  of  the  Aldehyde  Halohydrins. 
— The  symmetrical  dihalogen  methyl  ethers  result  from  the  action  of  the  haloid  acids 
upon  trioxymethylene.  s-Dichlomtethyl  Ether(C\iJC\)fi,  boils  at  105®,  and  has  the 
sp.  ppr.  1-315.  s- Dibrontmethyl  Ether  ho\\s  9X  1 50®.  ^-Di-iadomethyl  Ether  boils 
at  218°. 

C.  Carboxylic  Esters  of  Methylene  and  Ethidene  Glycols  are  formed  (i) 
from  aldehydes  and  acid  anhydrides;  (2)  from  aldehydes  and  acid  chlorides; 
(3)  from  the  corresponding  chlorides,  bromides  and  iodides  by  the  action  of  silver 
salts.     When  boiled  with  water  these  esters  break  down  into  aldehydes  and  adds: 

1.  CH, .  Clio  -h  (CH,CO),0      =  CH,CH(OCOCH,), 

2.  CHjCHO  +  CH, .  COCl       =  CHjCH<^j-  ^^^^^ 

3.  CIIjI,  -f-  2CH,  .  CO,Ag  =  CH,(OCOCH5),  -f  2AgI. 

Methylene    Diacetic    Ester,    CH,(OCOCH,),,    boils    at    170°.      Ethidene 

Diacetate,  CHaCll^O  .  COCHj),,  boils  at  169°.    Ethidene  Chlorhydrin  Acetate, 

O    COCH 
acetic    pnonochlorethyl    ester ,   CHj.CH<^p,'  ',  boiling  at    1 2 1. 5®,  serves  as 

starting-out  material  in  the  preparation  of  ether  esters  and  mixed  esters.     Ethidene 

Chlorhydrin  Propionate,  CHjClI<^j-  ^^ '  ^"»,  boils  at  134-136®.     By  treating 

the  first  chlorhydrin  with  silver  propionate  there  results  the  same  Ethidene  Acet- 

propionate,  CH3.  CII .  <^.v  *  ^^  '  /-u",  boiling  at  178.6°,  as  is  obtained  from  the 

second  by  the  action  of  siher  acetate.      These  facts  argue  for  the  equivalence  of  the 
carbon  valences  (Geuther,  A.  225,  267). 


3.  SULPHUR  DERIVATIVES  OF  THE  LIMIT  ALDEHYDES. 

In  this  class  are  (A)  the  thioaldehydeSy  their  polymeric  modifications  and  their 
sulphones ;  (B)  the  mcrcaptals  or  fhioacetals,  with  their  sulphoneSy  and  (C)  the 
oxysulphonic  and  disulphonic  acids  of  the  aldehydes. 

A.  Thioaldehydes,  Polymeric  Thioaldehydes  and  their  Sulphones. — The 
simple  thioaldehydes  are  not  well  known.  The  polymeric  thioaldehydes  are  more 
accessible.  All  of  them  can  be  regarded  as  the  alkyl  derivatives  of  polymeric 
triihioformaldehydc,  the  trithiomethylene,  discovered  by  A.  W.  Hofmann.  They 
are  formed  when  the  aldehydes  are  acted  upon  with  H,S  and  HCl.  The  H,S  adds 
itself  to  the  C  =  O-group  of  the  aldehydes,  and  oxysulphhydrides  result,  from  which 
the  trithioaldehydes  arise  : 

CII.O  -5^  4-  CH.<SS  ^  CH,<| ;C||,SH   ^  cH.<|lCH.^S. 


SI'LrHUR    DERIVATIVES   OF   THE  I 


MIT   / 


The  Irilhioaldchydei  are  odorless  solids  vulierens  Ihe  simple  thioaldchydes  mid 
ihcir  nierCBptui  like  transposition  producis  possess  an  adherenl,  disagreenble  odoi. 
usiuin  pernuLtigaDitte  oxidizes  the  irilhloildehydes  dnt  to  tulfrhidf-sulfhona  and 
then  Id  Irisulphenes.  The  molecular  weighl  a(  ihe  trilhioaldcbydes  has  been  deler- 
nined  both  bf  vapor  density  and  by  Ihe  lowering  or  the  freezing  poini  of  tlieir 
aaplithalene  solution.  Klingcr  first  proposed  the  struciure  for  the  irithioaldehydes. 
Il  coircsponds  lo  the  rormula  of  paraldehyde  and  was  proved  correct  by  the  oxida- 
,iaa  of  the  Irithioaldehydes  to  Irisulphones. 

The  isometic  phenomena  of  ihe  trilhioildehydes  ted   liaumann  and    Fronitn  to 
consider  their  spacial  relations  (B,  34,  1416). 

Proceeding  rrom  Ihe  same  considerations,  which  served   Baeyer  in  his  eiptanalion 
of  the  isomerism  of  ihe  heiamethylene  deriiatives  (see   hexaXydrofhlkalic  aiiJi), 
e  chemists  dislinguished  a-,  lis-  or  malelnoid  and  ^-,  trans-  or  fumarold  modi- 
ions.     Camps  endeavor!  lo  represent  the  spBcial  difference  betweeo  two  Irithio- 
aldehydes in  the  fallowing  way  : 


CH,  CH, 


■.  C  Is- fart 


B,  Trai 


The  C-atoms  are  assBmed  to  be  io  the  angles  of  the  triangles,  and  the  S-aloms  ai 
in  the  middle  of  the  sides.  The  three  alkyl  groups  are  either  upon  the  same  side  of 
:he  six -meinberEd  ring  system:  a,  rii-rorm  :  or  upon  dilferenl  sides  of  il :  ji.  Irani- 
modilicatioD,  Ouly  one  disulphune  sulphide  corresponds  lo  llie  '-ij -modittcation, 
while  two  stereo- isomeric  disulph one- sulphides  take  the  rraHi-fotm  (see  Klinger,  U. 
11,  1027). 

TrithiofomiBldehyde.  [CH,S]„  melis  at  iiO".  Thioacet aldehyde  is  not 
mown  in  a  pure  state,  a-l^ilhioacelaldehyde  melts  at  tol''and  boilsat  246-147°. 
Acetyl  chloride  converts  il  into  jJ-trilhioacet aldehyde,  [CH,CHS]„  melting  a( 
125-116°,  and  boiling  at  245-248°  (B.  t4,  1457]. 

Su/fihona  of  the  Trilkiaaldihydt!. — The  Irisulphones,  tesulllng  from  the  oxida- 
tion of  the  Irithioaldehydes,  are  all  lo  be  viewed  as  alkylized  derivatives  of  Iri- 
mfthyliHt  triiulpksnt.  I'he  six  methylene  hydrogen  atoms  of  trimethylene  Iri- 
sulphone  are  acid  like  those  of  the  methylenes  in  maltmic  nttr  (see  this).  They  can 
be  replaced  by  melals,  and  hexi-alkylized  trimethylene  sulphones  can  be  synthet- 
ically prepored  by  the  double  decomposition  of  the  alkali  derivatives  with  alkyl 
iodides.  These  are  identical  with  the  oxidation  products  of  the  corresponding 
Ihhkitenii.  The  primary  product  in  Ihe  onidation  of  a  trithioaldehyde  is  a  mo 
sulpbone,  the  secondary  a  disulphone.  and  finally  a  trisulphone  is  produced. 

■imethylene    Trisulphone.     CH,<|^'3^"">SO„     and     Trimethylene 
Disulphone-sulphide,  CHi-Jq' '^Uv-S,  do  not  melt  at  340".     This   is  1 
true  of  Trielhidene  Trisulphone!  [CH.CH SO,],  (B.  as,  248). 

The  two  isomeric  iriihioacetaldehydes  yield  Tiiethidene  Oisulpbone- sulphide. 
:H,  ,  CH  ,  <|^'cHicH'j>^-  '»e'''''B  "  218-23 !«,    "  The  isomerism  of  the  triiliio- 
I   aldehydes  vanishes  in  their  oxidation  products"  (II.  »6,  1074;  17.  I(J&7)- 

hialdin.  CH,   CH^|'^[|{^U']>NH.  melting  at  43",  is   produced  by  the 
n  of  NH,  upon  u-lrilhioaeetnldehyde  (B.  19.  183a).  and  of  H,S  upon  aldehyde- 
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ammonia  (A.  6i,  2).     It  yields  ethidene  disulphonic  acid  {set  htXo'fr)  by  oxidation. 
Methyl  Thialdin,  (C,HJ,S,(NCH,),  melts  at  79**  (B.  19,  2378). 

B.  Mercaptals  or  Thioacetals  and  their  Sulphones. 

The  thioacetalsy  corresponding  to  the  acctais,  are  called  mercaptals.  They  are 
formed  (i)  from  alkyl  iodides  and  alkali  mercaptides  ;  (2)  by  the  action  of  HCl  upon 
the  aldehydes  and  mercaptans.  They  are  oils  with  very  unpleasant  odors,  and  are 
oxidized  by  KMnO^  to  sulphones : 

Methylene  Mercaptal,  CH2(SC,H.),,  boils  at  about  180®.  Ethidene  Mercap- 
tal,  eihidene  dithioethyl,  dithioacetal^  CH,.CH  .  (SC,H.)„  boils  at  186°.  Propi- 
dene  Mercaptal,  CH, .  CH, .  CH(SC,Hj)„  boils  at  198^ 

In  the  sulphones  of  the  mercaptals  the  methylene  hydrogen  (see  above)  is  replace- 
able by  alkali  metal.  Mono-  and  dialkylized  sulphones  can  be  prepared  from  these 
alkali  derivatives.  Again,  the  dialkylized  sulphones  may  be  obtained  from  the  mer- 
captoU  (p.  218);  sulphonal  belongs  to  this  class. 

Methylene  Diethyl  Sulphone,  CH,(SO,C^H()„  melting  at  I04<»,  is  readily 
soluble  in  water  and  in  alcohol.  It  b  formed  m  the  oxidation  of  orthothioformic 
ethyl  ether  (see  this).  Eihidene  Diethyl  Sulphme,  CH,CH{S0,C,H5)„  melts  at 
75°  and  boils  without  decomposition  at  about  320^. 

C.  Oxysulphonic  Acids  and  Disulphonic  Acids  of  the  Aldehydes. 

The  alkali  salts  of  the  oxysulphonic  acids  crystallize  well.  They  decompose  quite 
easily  and  are  formed  by  the  action  of  the  alkali  bisulphites  upon  the  aldehydes. 
Acids  decompose  ihcm  into  aldehydes  and  SO,. 

The  only  stable  acid  is — 

Methylenehydrin  Sulphonic  Acid,  Oxymethylene  Sulphonic  Acid, 
Cil3(Oil)S(  )^II,  which  is  formed  together  with  Oxymethylene  Disulphonic 
Acid,  CIi(OIi)(S()j,n),,  and  Methinc  Trisulphonic  Acid,  CH(S03H)„  by  the 
action  of  fuming  sulphuric  acid  upon  methyl  alcohol  and  subsequent  boiling  of  the 
prcxluct  with  water. 

Methionic  Acid,  of  the  disulphonic  acids  of  the  aldehydes,  has  long  been  known  : 
Methylene  Disulphonic  Acid,  CH,  .  (SOgH),,  Methionic  Acid,  is  produced 
when  fuming  sulphuric  acid  acts  U|X)n  acetamide^  acetonitrile^  lactic  acid,  etc.  It  is 
nio.^t  conveniently  made  by  saturating  fuming  sulphuric  acid  with  acetylene  (from 
calcium  carbide).  In  this  instance  it  is  most  certainly  due  to  the  decomposition  of 
aietaldcJiydediiuIphonic  acid^  an  intermediate  product: 

C\\  \  CH        „,J      ->  OCH  .CH(S03H),    -  -     >  CH,(SO,H),  -f-  CO. 

There  is  simultaneously  formed  another  sulpho-acid,  richer  in  carbon.  It  can 
easily  l)c  separated  from  lliis  by  means  of  its  sparingly  soluble  barium  salt.  (Privately 
( ommunicated  by  G.  Schroeter. )  Methionic  acid  crystallizes  in  deliquescent  needles. 
It  is  not  decomposed  by  boiling  nitric  acid.  CIIj(SOj),Ba-f-  2H2  Oconsists  of 
pi'arly  leailets,  dissolving  with  dilficulty  in  water.  Ethidene  Disulphonic  Acid, 
K\  I., .  CH(S(  Jgll)^,  is  produced  when  thiaUiin  is  oxidized  with  KMnO^  (B.  12,  682). 
I'he  hydrogen  of  the  metliine  group  in  Ethidene  Disulphonic  Acid  Ethyl  Ester, 
CI  [3 .  ClIiSOgCjH^).,,  can  be  replaced  by  sodium  by  means  of  sodium  alcoholate,  and 
then  by  alkyls,  just  as  was  done  in  the  case  of  the  sulphones  (p.  203)  and  the  alkyl 
malonic  esters  (see  these)  (B.  21,  I55<^)- 


4.  NITROGEN  DERIVATIVES  OF  THE  ALDEHYDES. 

A.  NitTO-Cotnpounds.  —  Brom ■Mitrorfif//n7nef  and  iflbrorn-nittoethane  and 
propattf,  as  well  as  i,i-dinitro-paraffins.  which  have  been  previously  described,  must 
be  regarded  as  nitrogen-containing  aldehyde  derivatives. 
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B,  Ammonia-  and  MonalkyUmine  Aldehyde  Derivatives  (p.  192). — While 
ammonia  adds  itself  to  acetaldehyde  and  its  homologues,  forming  aldehyde  ammonias 

NH 
or  amido-alcoholsy  e.  g.^  CH, .  ^^<[qh*>    when  it  comes  in  contact  with  formalde- 
hyde it  immediately  produces — 

Hexamethylenetetramine,  (CH,)0N^,  discovered  in  i860  by  Rutlerow.  Under 
the  name  of  formin  it  is  used  as  a  solvent  for  uric  acid.  It  is  very  soluble  in  water. 
It  cr)'stallizes  from  alcohol  in  brilliant  rhombohedra.  It  sublimes  without  decom 
position  in  a  vacuum.  It  is  again  resolved  into  CH/)  and  ammonia  when  distilled 
with  sulphuric  acid.  It  is  a  monacid  base,  but  shows  no  reaction  with  litmus  (H.  22, 
1929).  It  combines  with  the  alkyl  iodides  (6.  ig,  1840).  (Consult  further  H.  26,  R. 
238. )  Efforts  have  been  made  to  ascertain  its  molecular  weight  by  the  analysis  uf  its 
salts,  by  an  approximate  determination  of  its  vapor  density,  and  by  the  lowering  of 
the  freezing  point  of  its  aqueous  solution  (B.  19,  1842;  21,  1570).  Nitrous  acid  first 
converts  hexamethylenetetramine  into  dinitrosopentamethylenetetramine,  an<l  this 
then  into  trinitrosotrimethylenetriamine.  When  it  is  considered  that  trimethylene- 
trimethyltriamine  is  formed  by  the  interaction  of  methyiamine  and  formaldehyde, 
it  is  obvious  that  the  reaction  must  cease  ut  this  point,  because  the  iniide-hydrogen 
atoms  have  been  replaced  by  methyl  groups.  Ammonia  and  formaldehyde  yield  at 
first  trimethylenetriamine,  corresponding  to  trimethyienetrimethyltriamine,  which 
absorbs  ammonia  and  formaldehyde,  splits  off  water  and  becomes  pentamethylene- 
diamine.  The  latter  is  converted  by  formaldehyde  into  hexamethylenetetramine 
The  following  constitutional  formulas  aim  to  represent  this  de}v)rtment  (compare 
Roscoc-Schorlemmer  (18S4),  vol.  ill,  646;  Dudenand  Scharff,  A.  288,  218): 

CH,  CH,   (.If,  CH,    CH,  CH,  ^CIL 

Q\\  CII,^  :        cil,   '"'  -^CH, 

NH  NH    N  N       N  ^N 


cii,  x:h,  ch, 

Trimethylcnetriamine     Pcntamethylenctetraminc  Hexameihylcnctclramhie. 

The  following  bodies  are  produced  when  primary  amines  act  upon  formaldehyde 
(B.  28.  R.  233,  381,  924;  29,  2110) : 

Methylmethyleneamine,  [CH,  =  N  .  CHjJj,  l>oiling  point,  166°  ;  sp.  gr., 0.9215 

(187°). 

Ethylmethyleneamine,  [CH,  =  N.C,!!-],,  boiling  iwint,  207°  ;  sp.  gr.,  0.8923 

(18.7°). 

«-Propylmethyleneamine,  [CH,  —  N.  CjH^jj,  boiling  point,  248°;  sp.  gr.,  0.880 
(18.70). 

By  the  use  of  aldehydes  with  higher  molecular  weight,  the  tendency  to  poly- 
merization on  the  part  of  the  reaction  products  of  primary  amine.-,  and  aldehydes 
diminishes : 

Methylisobutyleneamine,  (CHj),CH  .  CH  —  N.  CH,,  boils  at  68°.  Secondary 
amines  and  formaldehyde  yield — 

NK'H  '^ 
Tetramethylmethylenediamine,  CH,<^  .(.|  j' ',  boiling  at  85°  i  B  26,  R.  934). 

Aldehyde-ammonia,  CH,CH(OH)NH,,  melts  at  70-80°  and  l)oils  at  loo®.  It 
is  produced  when  dry  ammonia  gas  is  conducted  into  an  ethereal  solution  of  aldehyde, 
and  consi.sts  of  brilliant  rhombohedra.  dissolving  readily  in  water.  They  caji  be 
vaporized  without  decom[^x>sition  in  a  vacuum.  Acids  resolve  it  into  its  com- 
I>onents  (p.  192) : 

CHj.CHO     ^'"'  ■>  CH,.CII(OH)NH,     ^^*"=*-v  cH,CHO  f  SO,H  .  NH^. 
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In  contact  with  water  k  passes  into  amorphous  Hydracetamide^  C^H^N,.  Sodium 
uitrite,  added  to  a  slightly  acidulated  solution  of  aldehyde -ammoniaf  pJroduces — 

Nitrosoparaldimine,  CHj/),(N .  NO),  which  by  reduction  becomes  amido 
paraldimine,  C,II,,0,(N  .  NH.),  and  this  in  turn,  by  the  action  of  dilute  sulphuric 
acid,  splits  o^  Hydrazine^  NH,  .  NH,  (B.  83,  740).  Paraldimine  should  be  viewed 
as  paraldehyde  in  which  an  oxygen  atom  has  been  replaced  by  the  imido  group. 
Hydrogen  sulphide  changes  aldenyde-ammonia  to  Tkialdin  (p.  203),  while  with 
prussic  acid  it  becomes  the  nitrile  of  a'amidopropionic  acid  (see  this).  A  rather  re- 
markable reaction  occurs  when  aldehyde-ammonia  acts  upon  aceto-acetic  ester.  It  is 
the  formation  of  I,  3,  5-  Trimethytdikydrofyridine-diearbimic  ester  (see  this). 

Chloral-ammonia,  Ca8CH<Q^«,  melts  at  63®. 

For  the  chloralimideSy  (CCl, .  CH  :  NH)j,  and  DehydroehloralimideSy  C^H^Cl^N,, 
consult  B.  25,  R.  794 ;  24,  K.  628.  The  isomerism  of  the  former  is  very  probably 
dependent  upon  the  same  causes  as  that  of  the  poljrmeric  thioaldehydes  (p.  203). 

C.  Aldoximes,  R'.  CH==  N  .  OH  (V.  Meyer,  1863). 

The  aldoximes  are  formed  when  hydroxylamine,  an  aqueous  solu- 
tion of  the  hydrochloride  (i  mol.),  mixed  with  an  equivalent  quantity 
of  soda  {Y2,  mol.)  acts  in  the  cold  upon  aldehydes.  At  first  there  is 
very  evidently  formed  an  unstable  addition  product,  corresponding  to 
aldehyde-ammonia,  which  in  the  case  of  chloral  may  be  obtained  in 
stable  form,  but  which  passes  readily  into  the  oxime: 


C'll     C' 


NH5OH 


"-     > 


NH..OH 


,  /NH(OH) 

(CII3C— OH 
^  \H 

/NHOHv 

:— or 

\H 


) 


^cn^.c— OH      I 


-H,0 


^  CH.cf  iJO" 


-H,0 


>  ca.c^NO" . 


ous 


The  aldoximes  are  colorless  liquids  which  boil  without  decomposition.  The  first 
members  of  the  series  dissolve  readily  in  water.  When  boiled  with  acids  they  are 
again  changed  to  aldehyde  and  hydroxylamine.  By  the  action  of  acetic  anhydride  or 
acetyl  chloride  the  aldoximes  become  nitriles : 

CH^CH  ^  NOII  -f  (CHjCO),0  =  CH,CN  -f  2CII,C0,II. 
AceUixime  Acetonitrile. 

The  oximes  and  hydrazones  (p.  207),  like  the  aldehydes,  take  up  prussic  acid  ;  the 
products  arc  amidt)xyl-  or  hydrazino-nitriles  (B.  29,  62) 

Formoxime,  Fortitaldoxime^  CH,  ^r  N  .  OH,  boils  at  84°,  and  passes  spontanc- 

ly  into  jx)lymeric  triformoxime,  ^^^a<  v.oi-li    CH*^^  *^'^  ^'  ^^*  ^*  ^5^^- 
Formoxime  yields  hydrocyanic  acid  when  it  is  boiled  with  water  (B.  28,  R.  233). 

Acetaldoxime,  CH,  .  CH  :  NOH,  melting  at  47°  and  boiling  at  115°,  also  exists 
in  a  second  modification,  melting  at  12°,  which  readily  reverts  to  the  first  form  (B. 
26,  R.  610;   27,  416). 

Chloralhydroxylamine,  CCl,.  CII(OH)NIHOH),  melts  at  89°  (B.  25,  702), and 
even  ujX)n  standing  in  the  air  becomes — 

Chloraloxime,  CCI3CH  =  NOII,  melting  at  39-40°. 

Propionaldoxime,  C^Hj .  CH  —  N  .  OH,  boils  at  130-132°. 

Isobutyraldoxime,  (CH3),CH  .  CH  --  NOH,  boils  at  139°.  Isovaleraldoxime, 
(CHjljCH  .  CHj .  CH  ^  NOH,  boils  at  164-165°.  CEnanthaldoxime,  CH,(CH,),- 
CH  :  NOH,  melts  at  55.5°  and  boils  at  195°.  Myristinaldoxime  melts  at  82°  (B. 
26,2858).  The  aldoximes  of  the  fat  series  resemble  the  aromatic  synaldoximes  in 
their  deportment  (B.  28,  2019). 
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D,  DiazoparafBns  are  pmduccd.u  shown  by  1.  Fechminn  in  lS94,bT  the  aclion 
I  of  Blluliei  upon  niirosamines.     DiazonKthane  sliine  has  been  caterully  studied, 
t        Didlome thane,  AtimtlkyliHt,  CH,N,,  is  at  the  ordinatj'  leniperalure  a  yellow, 
I  ndorle»,  bDI  very  poitonouf  gas,  which  strongly  altacks  ihe  skin,  the  eyes,  »nd  the 
■  lungi.     It  is  best  murie  liy  the  action  of  nlkalies  upnn  oilrosomelhylurelhane  ; 


NO 
CH.N^  +  NaOH 

^CO,C,H( 


N 


=  CH'  1|   -f  H,0  +  NaO.CO,C,Hj. 


^N 


DianHnetliane  cihibits  the  reactivity  of  diaioacelic  ester  (see  this),     Water  con- 

Vrts  >t  iDlo  melhyl  alcohol.      Iodine  changes  it  10  methylene  rodide.      Iriorganic  and 

I  organic  acids  ure  changed  into  their  melhyl  esters :  hydroclilnric  acid  into  melhyl 

I   chli-iride  1  prussic  acid  into  acetoniirile :  phenols  into  anisob ;  laluidme  into  methyl 

'  *  lidine.      Diazomethane   and  fumaiic  melhyl  eater  unite  lo  pyraiolindlcarbosylii' 

T  (B.  »8,  1624.  2377). 

E.  Aldehyde  Hydrazones  (E.  Fischer,  A.  igo,  134;  236,  137), 

The  aldehyde  hyifrazones  cortespond  to  iho  aUoxtmes.     Tbey  are  the 

transposition  products  of  aldehydes  and  hyihasints  (see  these),  which 

are  formed  when  their  constituents  are  mixed  in  ethereal  solution. 

I  The  water  produced  in  the  reaction  is  removed    by  K,CO„  and  the 

I  hydrazones  then  puriried  by  distillation  under  diminished  prt-sstire : 

CH.CHU  +  H,N  .  NHC.lIj  =  CH,CH  ^  N .  NHC.lIt  +  11,0. 

Acetaldehyde  Hydraione,  Ethidene  Phenyl hydraiine,  CHj  .  CH  =  NNH- 
[  CjH^,  boils  at  140°  (20  mm.).  Crystals,  mellJng  al  63-65*.  separate  from  the  cold 
[  solulion  of  Ihe  freshly  distilled  preparation,  dissolved  in  75  per  cent,  alcohol.  If  Ihe 
I  liquid,  after  the  addition  of  4  c.c.  of  cone,  sodium  hydroxiile,  he  heated  to  boiling  for 
[  three  minutes,  a  second  modification,  melting  at  98-101°,  will  separate  oul  upon  . 
I  cooling.  When  azophenyletbyl  (see  ihis)  is  dissolved  in  cotd,  concentialed  sulphuric 
[  acid,  it  changes  to  acelatdebydepheoylhydrazone  (B.  ag.  79J).  Aldehyde  precipi- 
[  tales  the  body  CH, ,  CHO ,  HC.HjNHNH,).  melting  at  77.5°,  fiora  the  solution 
\  of  phenyl  hydrazine  bitsrtrate  (E<.  ag,  R..  596I.  Prof'ylaii(/hv/r/iktnylhvdrasene, 
CH,.CiI,.CH  =  N,C,!l,.  boils  ai  105'  (180  mm).  These  hy''™'"'"  ^'^^  "P 
I   prnasic  acid  and  pais  into  the  niirilcs  of  hydrazido-acids  (B.  15,  1010), 

Formaldehyde  differs  from  tbe  higherhomoli^uea  in  thai  with  phenyl hydtarine   it 


yields- 
Trim  ethyl  en 

1473;  R-  m)- 

Formal  Bzine 

I    white,  amotphoo 


Phenylhydrazine,  (C,tljN,),(CH,),.  ineliing  at  183-184''  (B.  39, 
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rated  aldehydes,  having  a  double  carbon  union,  bear  the 
I  sanne  relation    to  the  olefine  alcohols  (p.  130)  that  the  paraffin  alde- 
1  hydes  sustain  lo  their  corresponding  alcohols.     Their  aldehyde  group 
■  -shows  the  same  reactive  power  as  the  group  in  the  ordinary  aldehydes. 
In  addition,  the  unsaturated  residue,  C„H,o-i,  gives  rise  to  addition- 
reactions  similar  lo  those  shown  by  the  defines.     Some  of  Ihe  olefine 
aldehydes  are  connected  with  the  saturated  aldehydes  by  condensation 
I   reactions;  ^. ^. .crolonaldchyde,  tiglic  aldehyde,  methyl  acrolein,  etc. 
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Acrolein,  CjH^O  =  CH, :  CH .  CHO,  boils  at  52^.  It  is  produced 
by  the  oxidation  of  allyl  alcohol  and  by  the  distillation  of  glycerol  or 
fats  (i  pt.)  with  potassium  bisulphate  (2  pts.)  (B.  20,  3388;  A.  Sup.  3, 
180): 

CHjOH         CHOH  CHO  CHO 

CHOH   ""'^  >  CH  ^   CH,  ----^— ^  CH  . 

CHjOH  CHjOH  CHjOH  CH, 

Acrolein  is  a  colorless,  mobile  liquid,  possessing  a  sp.  gr.  of  0.8410 
at  20°.  It  has  a  pungent  odor  and  attacks  the  mucous  membranes  in 
a  frightful  manner.  It  is  soluble  in  2-3  parts  water.  It  reduces  an 
ammoniacal  silver  solution,  with  formation  of  a  mirror-like  deposit, 
and  when  exposed  to  the  air  it  oxidizes  to  acrylic  acid.  It  does  not 
combine  with  primary  alkaline  sulphites.  Nascent  hydrogen  converts 
it  into  allyl  alcohol  {^,  130)' 

Phosphorus  penlachloridc  converts  acrolein  into  propylene  dichloride,  CH,  :  CH  .- 
CHCL,  boiling  at  84°  C.  With  hydrochloric  acid  it  yields  /?-chlorpropionic  alde- 
hyde (p.  199).  With  bromine  it  yields  a  di bromide,  CH, .  Br.  CHBr.  CHO,  which 
l)ecoines  n,  J- dibrom propionic  acid  upon  oxidation  with  nitric  acid.  Baryta  water 
converts  it  into  a-acrose  or  (d  -f- 1)  fructose  (see  this). 

When  preserved,  acrolein  passes  into  an  amorphous,  white  mass  (disacryl).  On 
warming  the  HC'l  compound  of  acrolein  (see  above)  with  alkalies  or  potassium  car- 
bonate metacroUin  is  obtained.  The  vapor  density  pf  this  agrees  w^ith  the  formula 
(C^H/)^,.     It  fuses  at  45-46°. 

Ammonia  changes  acrolein  to  the  so-called  acrolein-ammonia^  aCjH^O  -|-  NHj  — 
CgHgNO -^- IIjO.  This  is  a  yellowish  mass  that  on  drying  becomes  brown,  and 
forms  amorphous  salts  with  acids.  It  yields  picoHney  CjH,N  (methylpyridine,  C^H^- 
N.CH^^,  when  distilled.  Hydrazine  changes  acrolein  to  pyrazoline,  and  phenyl- 
hydrazine  converts  it  into  I -phenyl pyrazoline  (B.  28,  R.  69). 

Crotonaldehyde,  C4HeO  =  CH,.  CH  :  CH  .  CHO,  boils  at  104° 
(Keknle,  A.  162,  91).  It  is  obtained  by  the  condensation  of  acetal- 
(h-hxile  (p.  195")  from  the  j)rimarily  formed  aldol^^h^n  heated  with  dilute 
hydrochloric  acid,  with  water  and  zinc  chloride,  or  with  a  sodium 
acetate  solution,  to  100*^  C.  (B.  14,  514  ;  25,  R.  732).  When  aldol  is 
heated  or  treated  with  dilute  hydrochloric  acid  it  splits  off  water  and 
Ix'comes  crotonaldehyde  : 

2rH3.(:HO >  CH3.CH(OH).CHj,.CHO  -  >   CH5.CH  =CH.CHO. 

Crotonaldehyde  is  a  liquid  with  irritating  odor;  at  0°  it  has  a  sp.gr.  of  1. 033 
and  boils  at  104°.  On  exposure  to  the  air  it  oxidizes  locrotonic  acid  ;  it  reduces  silver 
oxide  (B.  29,  R.  290).  It  combines  with  hydrochloric  acid  to  form  ft-chiorbutyr- 
aldehyde  (p.  199) ;  on  standing  with  hydrochloric  acid  it  unites  with  water  and 
becomes  aldol.  Iron  and  acetic  acid  change  it  to  croton- alcohol^  butyraldehyde  and 
butyl  alcohol . 

When  the  alcoholic  scilution  of  acetaldehyde-ammonia  is  heated  to  I20**,  Cro- 
tonal-ammonia,  C^iHjjNO  (Oxtetraldine),  is  produced.  It  is  a  brovrn,  amorphous 
mass.     When  heate<i  it  breaks  up  into  water  and  collidine,  CgH,jN  (see  this). 

Tiglic  Aldehyde,  guaiacol,  CH^CH  -r^CXCHg) .  CHO,  boils  at  Ii6«.     It  may 
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be  obtained  by  the  distillation  of  guaiacol  resin  and  by  the  condensation  of  ethyl- 
and  propyl -aldehydes. 

Methyl-ethyl  Acrolein,  C^H^.  CH  :C(CHj).  CHO,  is  produced  by  the  con- 
densation of  propionic  aldehyde  (p.  196),  and  boils  at  137°  C. 

Citronellal  and  its  isomeride  Rhodinal  are  olefine  aldehydes,  and  Geranial  or 
Citral  belongs  to  the  class  of  diolefine  aldehydes.  These  will  be  duly  considered 
under  the  o/efine  ierpenes. 

2C.  Acetylene  Aldehydes,  C„H,„_,  .  CHO.  Propargylic  Aldehyde.  CH  *  - 
C.CHO,  boils  at  59®.  It  is  produced  when  the  acelai,  CH  \  C.Cn(OC,H5)„ 
boiling  at  140^,  from  dibrom-acroleln  acetal  and  alcoholic  potash,  is  boiled  with 
dilute  sulphuric  acid.  It  is  a  very  mobile  liquid,  which  provokes  tears.  Its  silver 
satt  is  very  explosive  Sodium  hydrate  at  the  ordinary  temperature  decomposes 
propargylic  aldehyde  instantly  into  acetylene  and  sodium  formate :  CH  •  C .  CHO 
-f-  NaOH  =^  CH  :  CH  +  NaO  .  CHO  (L.  Claisen,  privately  communicated). 

3  A.    Ketones   of   the    Limit    Series,    Paraffin    Ketones, 

In  the  introduction  to  the  aldehydes  and  ketones  (p.  187)  atten- 
tion was  directed  to  the  great  similarity  between  these  two  classes 
of  compounds,  which  finds  expression  in  their  most  important  methods 
of  formation  and  in  their  transposition  reactions.  It  was  also  there 
stated  that  two  different  kinds  of  ketones  were  known  : 

1.  Simple  ketones  y  containing  two  similar  alky  Is. 

2.  Mixed  ketones,  having  two  different  alkyls. 

Methods  of  Formation. — i.  Oxidation  of  secondary  alcohols,  whereby 
the  ==  CH  .  OH-group  is  transposed  to  the  =  CO-group  (p.  187). 

2.  A  variety  of  ketones,  the  pinacolines^  is  obtained  from  the  ditertiary  glycols — 
Xkit.  pinacones  (see  these)— by  the  withdrawal  of  water.  This  is  effected  by  means  of 
hot  hydrochloric  acid  or  hot  dilute  sulphuric  acid.  The  simplest  ditertiary  glycol  is 
tetramethyl  glycol^  or  pinacone.  It  might  be  expected  that  when  this  lost  water, 
tetramethy I' ethylene  oxide  would  be  produced.  However,  by  the  occurrence  of  a 
remarkable  intramolecular  atomic  rearrangement  it  yields  the  simplest  pinacoline, 
tertiary  butyl-methyl  ketone  : 


^ 


(CII,),C\ 


(CH 


(CH,),C(OH)  

(CH,),C(OH) 

Tetramethyl  Glycol 
Pinacone 

3.  By  heating  the  ketone  chlorides  with  water : 

H2O 


-^  (CH3)3C.CO.CHj 


Tertiary  Butyl-methyl  Ketone, 
Pinacoline. 


(CH,)ca, 


100^ 


(CH,),CO. 


4 
parafBns 


.  By  action  of  acids  (B.   29,  202)  upon   the  sodium  salts  of  the  mononitro- 
ifBns  (pp.  156, 157),  in  which  the  nitro-group  is  attached  to  a  terminal  carbon  atom  : 

2(CH,),C<^^»  -f  2Ha  =  2(CH5),CO  +  N,0  +  2NaCI  -f  H,0. 


Nucleus-synthetic  Methods  of  Formation. — 5.  By  the  distillation  of 
calcium  or  barium  acetates  and  their  higher  homologues.     Such  a  salt, 
when  heated  alone,  yields  a  simple  ketone.     The  distillation  of  a  mixture 
18 
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of  equimolecular  quantities  of  the  salts  of  two  acids  results  in  the 
formation  o{  mixed  ketones  (p.  i88). 

In  making  ketones  with  high  molecular  weight  it  is  best  to  carry 
out  the  distillation  under  diminished  pressure.  Some  normal  fatty 
acids  have  yielded  ketones  on  treatment  with  P^Oj  (B.  a6,  R.  495)- 

6.  The  action  of  the  zinc  alkyls  upon  the  chlorides  of  the  acid 
radicals  (Freund,  i860). 

The  reaction  is  similar  to  that  occurring  in  the  formation  of  the  tertiary  alcohols 
(p.  114).  At  first  the  same  intermediate  prodact  is  produced  (A.  175,  361 ;  188, 
104): 

fCH, 
CH, .  COCl  -f-  Zn(CH,),  =  CH, .  C  -^  O .  Zn  .  CH„ 

I  CI 

which  (with  a  second  molecule  of  the  acid  chloride)  afterwards  yields  the  ketone 
and  zinc  chloride : 

fCH, 
CIL.C-^O.Zn.CH,  +  CH, .  COQ  =  aCH, . CO . CH,  +  ZnCL. 
(CI 

In  many  cases,  especially  in  the  preparation  of  pinacolines  from  trimethyl-acetyl 
chloride  and  zinc  methide,  it  is  more  advantageous  to  immediately  decompose  the 
addition  product  of  zinc  methide  and  acid  chloride  with  water,  when  the  zinc 
hydroxide  will  be  transposed  bjTthe  hydrochloric  acid  into  zinc  chloride: 

/()— ZnCH, 
CH3C— CH3  +  2H,0  =  CHj.CO.  CH,  +  Zn(OH),  -}-  HCl  -f  CH^. 

\C1 

7.  By  the  action  of  anhydrous  ferric  chloride  upon  the  acid  radicals.  Hydro- 
chloric acid  is  evolved,  and  chlorides  of  /^-ketone  carboxylic  acids  are  produced. 
From  these  water  liberates  the  free  /^-ketone  carboxylic  acids.  The  latter  break 
down  readily  into  carbonic  acid  and  ketones  (compare  method  of  formation  8): 

CH,  CH, 

Fe.Cla  •  H2O  •  — COj 

2C2 1  IjCOCl  -^>C.,Hj. CO. CH. COCl >-C,f I.CO. CH.CO,H ^-CjHg.CO. C,l I5 

8.  Hy  the  oxidation  of  dialkyl  acetic  acids,  and  the  a-oxydialkyl -acetic  acids 
correspondinj;  to  them  ;  the  latter  are  simultaneously  formed  as  intemfediate  products 
in  the  oxidation  of  the  former  compounds,  e.g.  : 

O  O 

(CIl3),CII .  COjlI   >  (CH3),C(0H) .  COjH   5-  (CH,),CO  -f  CO,  -f  H,0. 

9.  By  the  breaking  down  of /3-ketone  mono-  and  dicarboxylic  acids — ^.  g..' 

^CO, 

CH3 .  CO  .  CH, .  CO,H  — -<^ 

Acetoacetic  Acid  ^\^ 

>      ->  CH3COCH,. 

COjHCHjCOCHjCOjH r^. 

Acetone  Dicarboxylic  Acid.  "^   _, 

2LC), 

Compare  acetoacetic  ester,  and  also  acetone  dicarboxylic  acid. 
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The  ketones  are  produced  in  the  dry  distillation  of  citric  acid, 
sugar,  cellulose  (wood),  and  many  other  carbon  compounds. 

Nomenclature  and  Isomerism, — ^The  term  ketone  is  derived  from 
the  simplest  and  first  discovered  ketone — acetone.  The  names  of  the 
ketones  are  obtained  by  combining  the  names  of  the  alkyls  with  the 
syllable  ketone — e.  g,y  dimethyl  ketone,  methyl-ethyl  ketone,  etc. 

A.  Baeyer  regards  the  ketones  as  keto-substitution  products  of  the  hydrocarbons, 
and  the  group  CO,  uniting  two  alkyl  groups,  he  terms  the  keto-group.  As  one 
carbon  atom  in  ihe  name  ketopropane  would,  in  consequence  of  this  suggestion,  be 
twice  designated,  Kekul6  has  suggested  that  the  oxygen  linked  doubly  to  carbon  be 
called  "oxo  "-oxygen.  Then  acetone,  CHjCOCHj,  would  be  2-oxopropanf^  pro- 
pionic aldehyde,  CH, .  CH,  .  CHO,  would  be  l-oxopropane.  The  "  Geneva  names  " 
are  obtained  by  adding  the  suffix  *<  on"  to  the  name  of  the  hydrocarbon:  acetone 
is  called  [Propanon],  and  methyl-ethyl  ketone  is  [Butanon]. 

As  there  is  a  ketone  for  every  secondary  alcohol,  the  number  of 
isomeric  ketones  of  definite  carbon  content  is  equal  to  the  number  of 
possible  secondary  alcohols  containing  the  same  number  of  carbon 
atoms.  The  simple  ketones  are  isomeric  with  the  mixed  ketones  having 
a  like  carbon  content.  The  isomerism  of  the  ketones  among  them- 
selves is  dependent  upon  the  homology  of  the  alcohol  radicals  united 
with  the  CO-group.  Consult  the  isomerism  of  the  aldehydes  (p.  190) 
for  the  isomerism  of  the  ketones  with  other  compounds. 

Properties  and  Transformations, — The  ketones  are  neutral  bodies. 
The  lower  members  of  the  series  are  volatile,  ethereal-smelling  liquids, 
while  the  higher  members  are  solids. 

In  enumerating  the  transpositions  possible  with  ketones,  it  will  be 
best  to  present  acetone,  the  most  important  and  most  thoroughly  in- 
vestigated member  of  this  class  of  bodies. 

I.  Ketones  differ  chiefly  from  aldehydes  in  their  behavior  when 
oxidized.  They  are  not  capable  of  reducing  an  alkaline  silver  solution. 
They  are  not  so  easily  oxidized  as  the  aldehydes. 

When  more  powerful  oxidants  are  employed,  the  ketones  almost 
invariably  breakdown  at  the  union  with  the  CO-group.  Carboxylic 
acids  are  produced,  and  in  some  cases  ketones  with  a  lower  carbon 
content : 

CHj .  CO .  CH,  >-  CH3 .  COjH  and  H .  CO,H J>-  CO,  -f  \if). 

CjHj .  CO  .  CjHj ^-  CjHj .  CO,H  and  CH, .  CO,II. 

In  the  case  of  mixed  ketones,  when  both  alcohol  radicals  are  primary  in  character, 
the  CO  group  does  not,  as  was  formerly  supposed,  remain  exclusively  with  the  lower 
alcohol  radical,  but  the  reaction  proceeds  in  both  possible  directions,  e.  g.: 

^^CH,.CO,H  andCOjH.CHj.CHj.CHj 
CH. ,  CH. .  CO .  CH, .  CH« .  CH. — <f^  _        _ 

*         '  221       "-^CH,.CH,.CO,H 

When  a  secondary  alcohol  radical  b  present  it  splits  off  as  ketone,  and  is  then 
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further  oxidized,  whereas  io  the  case  of  a  tertiary  alcohol  radical  the  CO-group 
remains  combined  as  carboxyl. 

The  direction  in  which  the  joxidation  proceeds  is  dependent  less  upon  the  oxidizing 
agent  than  upon  the  oxidation  temperature  (A.  i6i,  285  ;  x86,  257;  B.  15,  1 194; 
17,  R.  315;  18,  2266,  R.  178;  25,  R.  121V 

It  is  remarkable  that  pinacoiine  (p.  209)  was  successfully  oxidized  by  potassium 
permanganate  to  the  corresponding  a-ketone  carboxylic  acid  of  like  carbon  content : 
trimethyl  pyroracemic  acid  : 

(CH8),C .  CO .  CH,  — '^ — >  (CH,),C .  CO .  CO,H. 
Pinacoline  Trimethyl-pyroracemic  Acid. 

2.  Concentrated  nitric  acid  breaks  the  ketones  down,  and  converts  them  in  part 
into  dinitro- paraffins  (p.  159) : 

(C,H5),CO     ^^'"   >  CH,CH(NO,), 
(CH3 .  CH, .  CH,),CO >  CHj .  CH,CH(NO,),. 

3.  Amyl  nitrite,  in  the  presence  of  sodium  ethylate  or  hydrochloric  acid,  converts 
the  ketones  into  iionitroso- ketones  : 

CH, .  CO  .  CH,    ^QQ^*""   >   CH, .  CO .  CH(NOH) 
CHjCO .  CH, .  CH, >  CH,.CO.C(NOH).CH,. 

The  i son itroso- ketones  will  be  discussed  later  as  the  monoxtmes  of  akeio-alde- 
hydes  or  a-dikeiones. 

Many  of  the  addition  reactions  possible  with  ketones  are  due,  as  in 
the  case  of  the  aldehydes,  to  the  ready  destruction  of  the  double  union 
between  carbon  and  oxygen.  These  reactions  are  partly  followed, 
even  with  the  ketones,  by  an  immediate  exit  of  water. 

4.  Nascent  hydrogen  (sodium  amalgam)  converts  the  ketones  into 
secondary  alcohols  {^,  113),  from  which  they  are  produced  by  oxida- 
tion. Pinacones,  or  ditertiary  glycols,  are  simultaneously  formed 
(p.  209) : 

(CH3),C0  H-  2H  =  (CH,),CH .  OH. 

5.  The  ordinary  ketones,  like  the  ordinary  aldehydes,  are  little  disposed  to  com- 
bine with  water.  Acetones,  containing  numerous  halogen  atoms,  unite  with  4H,0 
and  alljO,  forming  hydrates. 

The  ketone  derivatives,  corresponding  to  the  acetah  (p.  200),  are  produced  when 
the  ^(lialkyloxycarboxylic  acids  split  off  C(\,  and  by  the  interaction  of  ketones  and 
orthoformic  ether  (ClaisenV 

6.  The  ketones  resemble  the  aldehydes  in  their  deportment — 

a.  With  hydrogen  sulphide  ; 

b.  With  mercaptans  in  the  presence  of  hydrochloric  acid. 

The  products  ?iX(t  polymeric  thioketones  {ip.  2lS),  and  the  mercaptols^  f'g-t  (^H,),- 
0^802115)2,  corresponding  to  the  mercaptals  (p.  204). 

7.  The  ketones,  unlike  the  aldehydes,  do  not  combine  with  the  acid  anhydrides. 
Pinacoline  alone  unites  with  acetic  anhydride  to  form  a  diacetate,  melting  at  65°  (B. 
26,  R.  14). 

8.  Only  those  ketones,  which  contain  a  methyl  group,  form  crys- 
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talline  compounds  with  the  alkaline  bisulphites.     These  can  be  con- 
sidered as  salts  of  oxysulphonic  acids : 

(CH,),CO  -h  SO,HNa  =  (CH,),C<^^^. 

These  double  salts  serve  well  for  the  isolation  and  purification  of  the 
ketones,  which  can  be  liberated  from  them  by  dilute  sulphuric  acid  or 
a  soda  solution. 

9.  Behavior  of  ketones  with  ammonia^  hydroxylamine  and  phenyl- 
hydrazine,  {a)  Acetone  behaves  differently  toward  ammonia  from  the 
aldehydes.  Nucleus-synthetic  reactions  occur,  with  the  formation  of 
diacetonamine  and  triacetonamine  (p.  219).  With  hydroxylamine, 
however,  the  ketones  yield  (J>)  ketoximes  (p.  219)  and  {c)  with  phenyl- 
hydrazine  they  form  hydrazones  (p.  220).  In  these  respects  they  re- 
semble the  aldehydes  (p.  207). 

10.  When  phosphorus  trichloride  acts  upon  acetone  hydrochloric 

PC1_0 
acid  is  evolved,  and  there  results  the  compound  I         I 

CHj .  CO .  CH_C  (CHj), 

(B.  17,  1273;  18,898). 

\\,  Phosphorus  pentachloride ,  phosphorus  trichlor-dibromide,  and 
phosphorus  tribromide  replace  the  oxygen  of  the  ketones  by  two  chlo- 
rine or  two  bromine  atoms. 

This  reaction  answers  for  the  preparation  of  dichlor-  or  dibrom-paraffins  in  which 
an  intermediate  C-atom  carries  the  two  halogen  atoms.  As  these  ketone  chlorides 
readily  exchange  their  chlorine  for  hydrogen,  they  constitute  a  means  of  converting 
the  ketones  into  the  corresponding  paraffins. 

12.  The  hydrogen  atoms  of  the  alkyl  groups  present  in  the  ketones  can  be  re- 
placed by  chlorine  and  bromine. 

13.  The  lower  members  of  the  series  of  aldehydes  showed  a  great 
tendency  to  polymerize,  but  no  ketone  has  been  known  to  do  this. 
Ketones,  in  contrast  to  aldehydes,  are  symmetrically  constructed. 

14.  By  the  action  of  amyl  nitrite  and  sodium  ethylate  or  hydrochloric  acid  upon 
the  ketones,  isonitrosoketones  result ;  these  contain  the  CH  or  CH,  groups,  together 
with  the  CO-group. 

Nuclem-synthetic  Reactions  of  the  Ketones. — Reactions  of  this  class  were  observed 
in  the  action  of  ammonia  and  of  phosphorus  trichloride,  in  the  presence  of  aluminium 
chloride,  upon  acetone  (compare  9  and  10).  The  latter  is  capable  of  such  deport- 
ment.    The  following  are,  however,  more  important : 

(i)  Just  as  two  aldehyde  molecules  condense  to  aldol^  so  aldehyde  or  chloral  will 
unite  with  acetone,  {orrmnghydracety I  acetone  zxA.trichlorhydraceiyl  acetone  (see  this) : 

CH, .  C^j  +  CHj  .  CO .  CH,  =  CH, .  CH<^j^^  ^q    ^^^ 

Acetone  will  also  condense  with  other  aldehydes, — e.  g. ,  benzaldehyde.  But  it  is 
impossible  to  Bx  the  ketone-alcohols  which  form  at  Brst.  There  is  an  exit  of  water, 
and  unsaturated  derivatives  are  produced,  jAst  as  in  the  condensation  of  two  mole- 
cules of  aldehyde  to  crotonaldehyde.  Thus,  two  molecules  of  acetone,  in  the  presence 
of  ZnCIj.  HCI,  SO^H^  unite  directly  with  the  exit  of  water  and  the  formation  of 
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mesiiyl  oxidf  (p.  219).  which  in  turn  condenses  with  a  third  molecule  of  acetone  to 
phorofte  (p.  219).     The  ketone  alcohols,  first  formed,  were  not  tangible : 

(CH,),CO  +  CH,.CO.CH,=  ^J^»>C  =  CH.CO.CH,  +  H,0 

Mesityl  Oxide 

^J;|»>C  =  CH.CO.CH,  +  CO(CH,),  =  ^[J»>C  =  CH.CO.CH  =  C<^2*  +  H,0. 

-   Phorone. 

(2)  Acetone  and  other  ketones,  having  a  suitable  constitution,  pass 
over,  under  the  influence  of  concentrated  sulphuric  acid,  into  sym- 
metrical trialkyl  benzenes.  It  is  very  probable  that  there  is  an  inter- 
mediate formation  of  alkylized  acetylenes  (p.  98).  Acetone  yields 
mesityUne : 

CH,  CH,  /CH, 

3CO     ^>    (3C      ) ^    ^"'^cH     C^"""- 

CHj  CH  ""   \CH, 

Acetone  AUylene  Mesitylene. 

(3)  Acetone  condenses  with  lime  or  sodium  ethylate  to  isophoroney 
a  tri methyl  oxo-cyclo-hexene  (see  this). 

(4)  The  ketones,  like  the  aldehydes,  unite  with  hydrogen  cyanide  to  form  oxycy- 

ottidfs  or  cyanhydrins^  the  nitriles  of  the  a-oxyacids.     They  will  be  described  after 
the  a-oxyacids y  into  which  they  pass  when  treated  with  hydrochloric  acid : 

(CII,),CO  — 5^^H_^  (CH,),C<g^  __^g_^  (CH,),.C<gO«". 

a-Oxyisobutyric  Acid. 

(5)  Acetone  in  the  presence  of  caustic  soda  combines  with  chloroform,  yielding 

acetone  chloroform.     It  is  a  derivative  of  a-oxyisobutyric  acid.     The  latter  can  be 
obtained  from  it : 

(LH,),C()       ""^^'^    >      {CH,),C<gCl,   -        _      .^   (CH,).C<g^«. 

Acetone  Chloroform  a-Oxyisobutyric  Acid. 

(6)  Nascent  hydrogen   converts  the   ketones  not  only  into  secondary  alcohols 

(p.  113)  but  also  into  pinacones,  or  ditertiary  glycols  (p.  212) : 

(CHj),C.OH 

2(CH3)2CO  +  2H  -=  I 

(CH5),C .  OH 

Pinacone, 
Telraraethyl  Glycol. 

Acetone,  Dimethyl  ketone  \^Propafion\^  CHj.  CO  .  CH,,  boiling  at 
56.5°,  is  isomeric  y^'nh propionic  aldehyde, propylene  oxide,  trimethylene 
oxide,  and  allyl  alcohol.  It  occurs  in  small  quantities  in  the  blood 
and  normal  urine,  while  in  the  urine  of  those  suffering  from  diabetes 
it  is  present  in  considerable  amount,  due,  apparently,  to  the  breaking 
down  of  the  aceto-acetic  acid  formed  at  first.  It  is  also  produced  in 
the  dry  distillation  of  tartaric  acid,  citric  acid  (see  this),  sugar,  cellu- 
lose (wood),  hence  is  found  in  crude  wood  spirit  (p.   117).      Tech- 
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nically  it  is  prej>ared  by  the  disIJllatioii  of  calcium  acetate,  or  froi 
crude  wood  spirit. 


We  would  naturally  txpect  ad  alcohol,  CH, .  C(OH) :  CH,.  lo  be  [oiaied  here, 
bul  a  liansposition  of  slonu  occurs  and  acelone  resulls  (see  ji,  53),  Acetone  is 
similarly  formed  from  allylene,  CH,..C  ;  CH,  liy  action  of  -iulphuric  acid  01  HgBt, 
in  the  presence  of  waler  (p.  gS). 

It  results  further  in  (he  action  uf  zinc  methide  upon  acetyl  chloride ;  compare  gen- 
eral melbodi  for  ihe  preparauon  of  kelooes,  page  110. 

Acetone  is  a  mobile,  peculiar-smelling  liquid,  having  a  sj).  gr.  of 
'  0.7920  at  ao".  It  is  miscible  with  water,  alcohol,  and  ether.  Cal- 
1   citim  chloride  (or  potash)  sets  it  free  from  its  aqueous  solution. 

*C  is  an  excellent  solvent  for  many  carbon  com])ounds.     Its  tncsl 

important  reactions  were  described  under  the  transformations  of  the 

!    ketones  (p.  211),  as  well  as  its  deportment  toward  nascent  hydrogen, 

"dining  agents,  amyl  nitrite,  hydrogen  sulphide,  mercapians  and 

I  hydrochloric    acid,    allcali     bisulphites,    ammonia,    hydroxylamine, 

phenylhydrazine,  phosphorus  pentachloride,  halogens,  condensation 

agents,  hydrocyanic  acid,  chloroform,  and  caustic  potash.     See;?-allyl 

I  alcohol,  page  131,  for  the  action  of  sodium  i;j)on  acetone. 

Acetone  is  used  in  the  preparation  of  su/p/ta/ia/  (\).  218),  (hhroform 
(p.  234),  and  iodoform  (p.  235).  The  production  of  iodoform  serves 
for  the  detection  of  acetone  (B.  13,  looj  ;  14,  1948  ;  17,  R.  503  ;  29, 
"  1006).  For  other  reactions  answering  for  its  detection,  consult 
B.  17,  R.  503;   18,  R.  195  ;  A.  333,  143- 

Cyeloauieni  SuptrnxiJi,  (C,H,0,),,  rocIiinE  at  97°,  i>  produced  by  the 
of  equi molecular  quantities  of  acetone  and  hydrogen  peioxide  in  conccnti 
tion.  It  cryslnlliies  beautifully,  is  insoluble  inwatcr.bul  dissolves  readily 
and  in  ether.     I(  eiplodes  when  struck  or  when  healed  (Cb.  Zig,  1S96,  I, 

Homologues  of  Acetone. — (a)  Simple  A'tlonn.  Usually  prepared 
tillitioD  of  Ihe  calcium  or  barium  sails  of  the  correspond ing  acids. 


Diethyl   Ketone,   Prapumi  [j-Fenta- 

Di-n-Fiopy!  Ketone,  Butyiuii, 
Di-isopropyl      Ketone,       Tttramitkyl 

n-Capmne ■ 

Tetra-rthyl  Acelonc, 

Oenanlhone ,    . 

Caprylone, 

I  Ijurane, 

I '  Myrislonc 


CO[CH(CH,),], 

CO(C,H,,), 

C0[CH(C,H,),1, 

CO(C,Hu), 

CO  C,H,,  , 

CO(C.H,,(, 


co(c;,hJ 

CO(C,iH„! 
CO{C„H„' 


2l6 
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Diethyl  ketone  is  produced  from  carbon  monoxide  and  potassium  ethide  (p.  1S4). 
Tetramethyl-  and  tetraethyl-acetone  have  been  obtained  as  decomposition  products 
of  penta-methyl  and  penta- ethyl phloroglucin^  when  these  bodies  were  oxidized  by  air 
(B.  25,  R.  504). 

(^)  Mixed  Ketones.  Most  of  the  members  of  this  class  are  made  by  the  distilla- 
tion of  the  barium  salts  of  the  corresponding  acids  with  barium  acetate  (p.  209). 


Name. 


Methyl  Ethyl  Ketone  [Butanon],  .  . 
Methyl  Propyl  Ketone  [2-Pentanon], 
Methyl    Isopropyl    Ketone    [Methyl 

Butanon], 

Pinacoline,   Methyl    Tertiary   Butyl 

Ketone, 

Methyl   Oenanthone,  Methyl    Hexyl 

Ketone, 

Methyl  Nonyl  Ketone, 

Meihyl  Decyl  Ketone, 

Methyl  Undecyl  Ketone  from  Laurie 

Acid, 

Methyl  Dodecyl  Ketone, 

Methyl  Ti  idecyl  Ketone  from  Myristic 

Acid, 

Methyl  Tetradecyl  Kftone,      .... 
Methyl  Pentadecyl   Ketone  from  Pal- 
mitic Acid, 

Methyl  Hexadecyl  Ketone  from  Mar- 

garic  Acid, 

Methyl      Hej)tadecyl     Ketone     from 

Stearic  Acid, 


Formula. 

CHj.CO.CjH. 
CHj.CO.CjH,  ! 

CH,.CO.CH(CH,),' 

CH, .  CO  .  C(CH,), 

CHj .  CO .  C||H|| 
CHj.CO.CjH,, 
CHj .  CO .  ^lo^si 

Crij .  CO .  >^i<>ti 
CH, .  CO .  C„Ha 

CH  J .  CO  .  C^jHjf 
CHj.CO.C„H„ 

CH,  .  CO .  CjjHji 

CH, .  CO .  C,.H„ 

CH,.CO.C„H„ 


M.  P. 

B.  P. 

810 

102® 

960 

io6« 

__ 

171® 

-f  15^ 
2lO 

225® 
247" 

280 

34" 

2630 

(207*>) 

39** 
43" 

(224**) 
(231") 

480 

(244") 

52« 

(252O) 

55" 

(265O) 

The  boiling  points,  inclosed  in  parentheses,  were  determined  under  loo  ram. 
pressure.  • 

Pinacoline  is  obtained  by  the  withdrawal  of  water  from  pi nacone,  called  hexylene 

glycol,  from  tetramethyl  glycol   (CH3),C(0H)  .  C(OH)(CHs),,  and  from  trimethyl 

acetyl  chloride  and  zinc   methide  (p.   209).     When  oxidized  with  chromic  acid,  it 

breaks  clown  into  trimethyl  acetic  acid  and  formic  acid.      Potassium  permanganate 

converts  it  into  trimethyl  pyroracemic  acid  (see  this).      Pinacolyl  alcohol  (p.  129)  is 

the  product  of  its  reduction.     Homologous  pinacones  yield  homologous   pinacolines  ; 

CI  I  CH 

thus,  methvl  ethvl  pinaame^     ..  „'>C(OH) .  C(OH)<fp  ^J  ,  yields   ethyl  tertiary 


iimyl  ketone^ 


(\.jrs 


^C  .  CO  .  C^Hj,  boiling  at   150®. 


Methyl-nonyl  Ketone  is  the  chief  constituent  of  oil  of  rue  (from  Ruta  grave- 
olens)  ;  it  may  be  extracted  from  this  by  shaking  with  primary  sodium  sulphite. 


I.  HALOGEN  SUBSTITUTION  PRODUCTS  OF  THE  KETONES.  PARTICU- 

LARLY   ACETONE. 

Monochloracetone,  CH3 .  CO  .  CIIjCl,  boiling  at  119®,  is  obtained  by  conduct- 
ing chlorine  into  cold  acetone  (A.  279,  313).  in  the  presence  of  marble  (B,  26,  597). 
Its  vapors  provoke  tears. 

riure  are  two  possible  Dichloracetones,  C^H^CljO :  {a)  CH,.  CO.  CHG,  and 
(/?)  CH.,('l .  CO.  CHjCl.       The  first  is   formed  on  treating  warmed  acetone  with 


cblorine,  and  is  obtained  (roi 


lJO°.     The  ^-dithloracelone  is  oblained  by  llie  chlorinmitai  of  ai 


t(B.  15,  1165).     ll  boils  at  I 


a  of  a-dichloihydrin.  CH.O .  CH(On) .  CH,a  (see  e'ycerol),  wilh  polas. 
slum  dichtoEDMe  and  sulphuric  acid,     ll  mells  at  45°,  and  boils  at  I72°-174''. 

Symmetrical  Tetracbloracctone,  CHCl,.CO.  CHCI,  +  aHjO.  is  readily  ob- 
tained by  tbe  action  of  potassium  chlorate  and  hydrochloric  acid  upon  chloranilic 
acid  (B.  ai,  31S)  and  Criamidophenol  (B.  3a,  R.  666),  or  of  chlorine  upon  phloro- 
glucln  (B.  aa,  1478).  It  mells  al  48°.  Unsymmilrical  TftraiAlarorrlani.  C1I,CI . 
CO.CCi,,  boiling  Rt  183°,  is  produced  by  the  action  of  chlorine  upon  isopropyl  alcohrf 
(B.  18,  K.  61).  Pentachloracetone,  CHCI,.  CO.  CC1„  boiling  a(  igj".  isobutined 
from  chlorine  and  acetone  (A.  ajg,  317;. 

Monobroniacetone,  CH.Br.CO.  CH,.  boils  al  ii"  (8  mm.)  (B.  ag,  1555). 
Petbromacetone,  Clir,  .CO.  CBrj,  melting  at  no"-!  11",  is  obtained  from  triamido- 
pheool  ( B.  10,  1147],  and  bromanilic  acid  (B.  ao,  2040;  ai,  2441)  by  meuus  of 
bromine  and  waler. 

lodoacetone.  CH,.CO.CH,I,  boiling  al  58°  {11  mm.)  is  produced  when 
potassium  iodide  in  melbyl  alcohol  solution  acts  upon  mono-chloracelone  ( B.  ag,  1557). 
It  is  H  heavy  oil  with  a  diiagreeable  odor  (B.  18,  R.  330). 

0-Di-iodoacetoRe,  CH,I.  CO.CH,!,   forms  when   iodine  chloride  acts  upon 

0-Ckloritftulyl-milMyl  Kilcite.  (CH,), .  Ca . CH, . CO . CH,,  and  Di-^-cklerise- 
tutyl  Kttoni,  (CH,\CC1.CH,.C0.CH,CC1(CH,),,  are  the  readily  decomposable 
addition  products  fa  mtsityl  oxide  wiApkirent  with  hydrochloric  acid.  u-Brombufyl- 
melliylJCeloni,  see  Acetobutyl  nlcoho!. 

y-Diirom-if/Bnts  arc  prepared  from  the  BXttoufi  (see  these)  by  tbe  addition  of 
3n\%t.  i.g.:  y-Dibi-Bmhutyl  Kttptt.  (CH.CHBr.  CH, .  CH,1,C0,  is  fonned  from 
dimethyl  oxelone  and  iHBr,  or  by  the  addition  of  sHBt  to  dinllyl  acetone  Ip.  hi). 
a-Dichlor-kilonis  are  discussed  with  the  diketones. 


a.  ALKVL  ETHBR3  OF  THE  ORTHO- KETONE 3. 

The  ketones  mny  be  rcgimlcd  as  the  anhydrides  of  hypotbelical  glycols,  which  bear 
the  same  relation  to  the  ketones  that  the  orthocarlwnic  acids  sustain  to  the  carbonic 
■rids.  In  this  sense  it  is  then  permissible  to  apeak  of  ortho-ketones.  Their  alkyl 
ethers,  corresponding  to  the  acelals.  are  produced  by  heating  the  (S-d'e'hoxy-carbonic 
acids,  and  also  from  acetone  by  means  of  oiihoformic  ester  (Claiaen,  B.  ag,  1007) 


CH, . C(0  .  C:,Hj),CH, ,  CO,H- 
CH,.  CO.  CH,  4-  HC[0.  CjHJ,- 


*.CH,.C(O.C,H(),.CH,  +  CO, 

y  CH, .  C(0 .  C,Hs),CH,  +  HCO,C,ri, 


Onhs-aiilant  Afrlkyl  Etkrr,   (CHjl,C(0 .  CH,)„   boils  at   83°.     Onho-aeetrm*- 
Ethyl  Elher.  boiling  at  1 14°,  is  a  liquid  wilh  an  cidor  resembling  that  of  camphor. 
These  sul^taiices  are  stable  when  alone.     Water  or  a  bace  of  mineral  acid 
them  to  break  down  into  ketones  and  alcohols. 


J.  KETONE  HALOIDS 

19  mentioned  on  page  113,  by  tbe  action  of  PClj,  PCi,Br„  and  J 


I 


Are  produced, 
upon  ketones. 

Acetone  chloride,  Ckloracelo!,  CH, .  CC!,.  CH,,  boils  at  70°:  sp.  er.  1.817  a' 
16=,  Bromaritol  \>Q\\i  al  114=;  sp.  gr.  1.8149  (°°)-  Methyl-ethyl  dichlor- 
methane,  CH, .  CCl, .  C,H,.  boils  at  95°.  Methyl-ethyl  d ibro in tn ethane  boila 
a!  144'.     Methyl  tertiary  butyl  dichlormethane.  CH, .  CCl, ,  C(L "  ■  ■■ 

151=. 


I 
i 

I 
I 

1 


I 


4.  SULPHUR  DERlVATtVBS  OF  THB  PARAFFIN  KETONES. 

A.  Thioketone*  and  their  SulphoBes. — When  bydnigen  sulpliiile  acis 
a  coM  mlituie  n(  acclone  aud  conceniTated  hjdtochlonc  ncid.  ihe  lirs(  producl 
voUtilr  bcKly  with  an  «i«e«dii]gly  dtsierecBblc  odor,  which  disseminates  ilselF  a 
Uhingljr  npidiy.     It  n  ptob&bly  simple  tliiaHcetoDe,  which  has  not  been  further 
investigated,     '[lie  iiiial  prodad  of  the  teactioD  is — 
/S-— ;C(CH,), 

Trilhioacetone,  (CH,),C         S^  ,  mehing  nt  24°,  aai!  Iioillnc  nt  i 

\S-^C|CH,i, 
(15  lata,).     Potassium  pennanganale  oxidiiesil  to — 

Trlaulpbone  Acetone.  [(CH,),CSO,],,  meldnB  at  302".     When  distilled  al  tbe    | 
orilinary  preuuce  it  is  convened  into 

Dithio«celone,    (CH,),C<|>C(CHj),.    boiling  at   183-185°.      This  is 
foinird  in  the  action  of  pbosphoms  trisulphide  upon  acetone.     It  is  converted,  bjr    : 
oxidation,  in  to —  I 

DiBUlphone  Acetone,  [(CH,),CSO,]^  melting  at  izo-zzs". 

1i,  Meicaptols  and  their  Sulphonea. — Although  tbe  ketone  deriTllives  corre- 
tpoiiding  lo  ihc  a-y/o/s  can  not  be  derired  from  ketones  and  alcohols  !>y  the  with.    ' 
drawal  of  water,  il  a  possible  lo  obtain  the  niereafitBli—Ihe  ketone  deri»ati»e5  cerre-    I 
iponding  to  the  mtrcaplals~\a  this  manner,  but  beil.  however,  by  the  action  of 
hydrochloric  acid  upon  ketones  and  niercaplans: 


(CH,),CO  +  aC,HjSH  - 


->■  {CH,),C(SC,n,l,  +  H,o. 


Uke  tbe  mercaplats,  they  are  Uquida  with  anpleasani  odor. 

Acetone  Ethyl  Mercaptol,  DUhietlhyl  dimithyl  mtlhant.  iCH,),C(SC,H,)„ 
boiling  at  190-191°,  may  be  prepared  from  mcrcaplan.  Howc»er.  10  avoid  llie  very 
intolerable  odor  of  the  latter,  sodium  Ethyl  (hiosulphate  and  hydrochloric  acid  are 
used  (p.  153).  It  combines  irilh  methyl  iodide  (B.  ig,  \^j'&^ ;  ai.  2592),  By  this 
means,  from  a  series  of  simple  and  mixed  ketones,  corresponding  mercaplols  have 
been  made,  and  in  nearly  all  instances  they  have  been  oxidized  to  Ihe  corresponding 
sulphones,  some  of  which  poiaesa  medicinal  value. 

Sulphondl.  A.-il^nt  Diithyl  Sulfhont,  (CH,),C(SO,C,H,l„  melting  at  ia6°,  waj 
discovered  I7  Raumann,  and  intniduced  into  medicine,  is  a  very  active  sleep- 
producing  agent,  by  Kail  in  t8S8.  Acelone  mercnptol  is  oiidiud  to  it  by  polai- 
slum  permanganate : 


(CH,),  -  C{SC,Hi), 


40 


-J-  (CH,),C(S0,C,H5),. 


□ethyl  iodide  (A.  253,  147)  acting  u[ion  elhidtne  diethyl 


CH,CH(S0,C;H,1,- >CH,  CNa(SO,C,H,), — 5-(CH,),C(SO,C,H,),. 

Ttional.  MtUtylnbyl  itfout-dinkyl  lulfhem,  diethyl- iMlfhimtmilhy I  elhyt- 
mtfkant,  ^jJ'>C(SO,C:,Hj),,  melting  at  11°;  Tettonal,  Prefiem-ditihyl  sut- 
fhom,  (<lfl,),C(SO,C,H,)„  melting  at  85°-,  Propione-dimethyl  Sulphone, 
(C,H,>,C(S0,CH,1„  melting  at  I32''-I33°,  and  other  "lulpheHah,"  ate  prepared 
similarly  to  mlphoniit,  and  act  in  like  maiiner.  However,  A  eel  one- dimethyl 
Sulphone,  (CH,),C(SO,CH,),.  not  containing  an  clbyl  group,  no  longer  sets  III 
EUlphonal. 

C.  Oxysulphonic  Acida  of  the  Ketones. — The  alkali  salts  of  these  toAt  k  _ 
the  addiiion  compounds  produced  l>y  tbe  onion  of  the  ketones  with  the  tlkaUne  | 
bisulphilei,  r,f.,  sodium  acetone -oiysulphonate,  (CH,),C<JjjI'      (p.  aij). 


NITROGEN   DERIVATIVES   OK  THB   KETONES. 


}.   NITROGEN  DERIVATIVES  OP  THE  KETONES. 

A.  N'nTa-coiapoandB.—PseuJBnitro/]  (p.  157)  and  MesodinilF6fiiraffin\  (p.  158) 
have  already  been  discussed  after  the  manonittoparairitis. 

ij.  Ammonia  and  Acetone  (Hdniz,  A.  174.  133;   ig8,  42).^'!* wo  bases  result 
from  the  BCIion  of  BinnioaiB  upon  acetone  :  diacetonamine  and  Iriacetonamine.  _ 
It  may  be  supposed  that  tlie  ammonia  causes  tbe  acetone  10  condense.  Just 
alkalies  and  alkaline  earths  do,  and  thai  acetone  ammonia,  an  intermediate  produi 
combines  with  tbe  ammonia,  or  ammonia  with  mesilyt  Bxiiit,  to  peld  diacelonamjr 
4'hich  by  further  treatment  with  acetone  is  changed  to  Iriacetonamine.  or  when  acl 
upon  by  aldehydes  passes  into  linyldiacelonamine  (H.  17,  17SS),  ur  iitio  n  it-lacl 
through  the  agency  of  cysnacetic  ester  (li.  »6,  R.  450) : 


^![^>C  =  CH  .  CO.  CH,  +  Ntl,  =  ™'>C— CH,.  CO . 

'  '   fin, 

Melilyl  Oilde  Diacelonamlne 

>C— CH,.CO,CH,  -(-  CO  ^'^11'  =  ^||'>C.CH,.CO.CH,— C 


-CH,  ^ 


"H, 


i.CII,. 


CH  >C-CH,,CO.CH,  4-  CHO.CH,  =  ^J]'>C— CH,.CO.Cn,.CH,CII,  +  H,oi 
iIh,  '         ^^--,_---^'' 

NH 

Vinyldiacetanamini 

Diace  ion  amine  is  a  colorless  liquid,  not  ver]'  soluble  in  water.  When  distilled 
il  decomposes  into  mesilyl  onide  and  NH,  ;  conversely,  mesityl  onide  and  NHj  com- 
bine to  form  diacetonamioe  (B.  7,  I387).  it  reacts  si rongiy  alkaline  and  is  on  amide 
base,  forming  crystalline  salts  with  one  equivalent  of  acid.  IF  potassium  n 
allowed  to  act  on  the  HLl-sall,  Jiaietone  atiahol,  (CH,),C(OH).  CH,,0 
results;  this  !o«es  water  and  becomes  mesilyl  oxide.  For  the  urea  derJTa 
acetone,  consult  B.  17,  377. 

A  chromic  acid  mixture  oxidiies  diacelooamine  to  amidoisobutyric  acid.  (OI,), .  - 
C{NH,).CO,H(FropBlanine),andBmidoiBOYalericacid,(Ctl,),C(NH,)CH,.CO,H. 

Triacetonamine  crysiallizes  in  onhydrons  needles,  melting  at  39.6''.  With  one  ' 
molecule  of  water  il  fomiE  large  quadratic  plates,  fusing  at  58°.  Il  is  an  imjde  bOM  'I 
(p.  167)  with  feeble  alkaline  reaction  ;  potassium  nitrite  comerts  its  HCl-sall  \waM 
the  nitroso-amine  compound.  C^H„(NO)NO,  which  fuses  at  73°  ond  paiiea  into'n 
phorone  when  tioited  with  caustic  soda.  Hydrochloric  acid  regenerates  triaceton- 
amine from  Ihe  oilroso- derivative. 

By  the  addition  of  3H  to  triacelonaminc,  converting  the  CO  group  into  CH  .  OH, 
there  results  an  aliamine,  C,H„NO,  which  may  be  viewed  as  b  yd  roxy-te  tram  ethyl 
piperidioe.  By  the  abstraction  of  water  from  this,  the  base  C,H„M,  Itiacetonine, 
boiling  at  146°,  results.  This  approaches  tropidine,  CLH,,N,  very  closely  (B.  16, 
2236;  .7.1788). 

n-.VrM|'/-/riiii-r/0HiimJM<-aDd  allied  hoses  (B.  aS,  R.  160)  are  formed  when  phoraoe 
Is  IrcBled  wilh  primary  amines. 

C.  Ketoximes  (V.  Meyer). — In  general,  the  ketoximes  are  formed 
wilh  greater  difficulty  than  the  aldoximes.  Il  is  usually  best  lo  aijply 
the  hydroxylaniine  in  a  strongly  alkaline  solution  (B.  23,  605 ;  A,^ 
241,  1S7).     They  are  also  produced  when  the  iwetidoiiitrili 
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^Bter 


duced  by  free  hydroxylamioe  or  potassium  sulphydrat€(B,  38, 1367  ;  ag, 
8j,  98).  They  are  very  similar  in  properties  10  ihe  aldoximes.  Acids 
resolve  them  into  their  components,  while  sodium  amalgam  and  acetic 
:id  couviTl  Ihem  into  primary  ami/us  (p.  161).  They  are  charac- 
iHstically  distinguished  rrom  the  aldoximes  by  iheir  deportment 
toward  acid  chlorides  or  acetic  atihydride,  yielding  in  pari  acid  esters, 
Bnd,  again,  by  the  same  reagents,  as  well  as  by  HCI  in  glacial  acetic 
acid,  being  changed  to  acid  amides  (Beckmann's  transposition,  B.  30, 
506,  1580 ;  compare  also  B.  34,  4018) : 


\ 


>>CH  = 


NOH  - 


—y  CHj .  CO .  NHCH, .  CH, .  CH,. 

Acelpropylimide. 


ICH..CH  , 

Meihyl  Propyl  Ksioiii 
Nitrogen  tctraxide  converts  the  heloximes  laXa  pstudenilrah  (p.  158), 
KelDXimu  comliinc  with  hydrocyanic  Rcid  to  foriL  niLrileii  of  n-amidoxyl  cartxtiylic 
Mids(B.  ig.  ei). 
Acelmime,  (CH,),C:  NOH,  melting  it  59-60°  and  boiling  u  135°,  smells  like 
Ehlond.     It  dissolves  readily  in  water,  alcohol,  and  ether  (B.  ao.  1505}. 
Hypociilorous  acid  converts  aceloxime  into  Ayfoeklorous  tiler,  (CH,),C :  N  .  OCI. 
■  liqui<l  with  an  agreeable  odor.      It  boiU  al  134°.     !l  cxptodct,  bowerer,  when 
rapidly  heated  (li.  10,  1505). 

The  bydroiyl  hydrogen  present  in  aceCoxime.  may  he  replaced  by  acid  radicals 

through  ihe  agency  of  acid  chlorides  or  anhydrides  (B.  14,  3537).     With  sodium 

1  klcobulale,  the  sodium  derivative  results,  which  yields  the  alkyl  elben.  (CH,),- 
P£ :  N  .  OK,  when  acted  upon  by  the  alkyli^ens.  On  boiling  these  ether^i  with  acidi. 
l«eelonc  and  alkylited  hydroxyUminei.  NH,OR  (B.  iS,  17a),  are  produced.  The 
■  higher  acetoximes  »how  a  perfci^lly  anali^nus  depoRment. 

Metbyl-ethyUketoxime  boils  at  15^-153°-     M ethyl -n- propyl   Ketoxime  i» 

n  oil  with  agreeable  odor.      M ethyl -isopropyl  Keioxime  boils  at   157-158°. 

Mttkylntutyl  Ktleximt  boils  al  185°      Mflhyl  tertiary  bulyl  Kelgxime  melts  at  74- 

"""        Butyrenexime  boih  at  190-195°.    /ioiu/yrenoxime  mK\\m  6-8°  and  boils  « 

J".     Methylnonyl  Ktleiimi   melts    al    ^i".       Caprytanoxime  melts   at    20°. 

'IfsHy/iixime  melts  at   I2".      Launmoxime,  (C„H„1,C:  N  .  OH,  melts  al  39-40°. 

mMyristenc^mt,  (C„H„),C:  N  ,  OH,  melt*  at   51°.      Pslmitonoxime.  (C|sH„),- 

■=r :  N  .  OH.  melts  at  59°.     Sltamneximi.  (Ci,H„),C;  N .  OH,  melts  at  62-63°, 

D.  KeiajineB  (Curtius  and  Thun), — An  excess  of  hydrazine  acting  upon  (he 
ketones  produces  the  UDStible,  (ecundary  unsym metrical  hydrazines,  wbich  eren  in 
the  cold  readily  become  ketarines,  quite  stable  toward  alkalies  (B.  aj.  R,  80), 
DimclhylJietBeine  in  conlacl  with  maleic  acid  changes  to  the  isomeric  triroethyl 
pyra/otiiie  (B.  a?.  770) ; 


(CH,),C  =  N 
(CH,),C=N  ' 


N  =  cai, 

Hj!l        CH, 
C(CH.\, 


.  [(CH,),C;  N-],.  boils  at  131°; 

" ;    Biimethylprt^ylazimclbyl- 

ethylene  boils  at  290°  ;  Bisdiethyl- 


Bisdimethylaiim ethylene .  dimetbylket: 

Bismethylethylazimethylene  boils  at  16K-17 

ene  boils  al  195-100°  ;  Bismethylhexylai 

aiiniethylene  boils  at  190-195*. 
I  E.  Ketone-phenylhydraaones  (E.  Hicher,  B,  t6.  661;  17.  576;  ao,  513: 
I  SI.  984').^These  compounds  result  by  the  action  of  phenyl hydraiine  upon  the 
■'  ketone!.  The  pheiiylhyHrailne  is  added  to  the  ketone  until  a  sample  of  the  mixture 
'    no  longer  reduces  an  alkaline  copper  solution,      They  behane  like  ihe  aldehyde 

phenyl bydraiones  {p.  107). 
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OLEFIKIE  AND    DIOLEFINE    KETONES. 

Acelon«-pbenylbydruone.  (C{I,),C:  N,HC,H,.  mells  at  lt°  and  boils  at 
',1  mm.). 

ylhydrazone,   (CH,](C,H,)C:  NjIIC^Hj,  I 

J  a   OLBFINE   AND    DIOLEFINE   KETONES. 

Suth  bodies  hnve  been  obiaincd  by  the  Jitccl  condcnsniion  i>f  acetone :  «rn 
ff^it//  aad  fiiaraat  (p.  1I4).  Tbey  have  also  resulted  from  t.j-kelone  alcohols 
the  climiDalion  of  water. 

Ethidene  Acetone.  CH,CH  =  CH  .  CO  .  CH„  boiU  >t  122'',  It  has  a  pene- 
trating odor  like  that  of  crolonaldchyde.  It  is  formed  when  hydracctylaitlatic  (set 
this)  is  boiled  with  acetic  anhydride  (11. 15,  3166).  Heptaiiblorethidene  Acetone, 
CHa,CCI  =  CCl-CO.Ca„  boiU  al  132-185'  (13-'S  ""n-)-  It  results  when 
Iritkioraitlyl tttrachleratiloHi  is  heated  with  water  (B.  aj,  2695). 

Mesityl  Oside,  (CH,),C  =  CH  .  CO .  CH,,  boiling  at  130°,  is  a  liquid  smelli 
like  peppenniDl.  Phorone,  (CH,),C  =  CH  .  CO  .  CH  ^  C(CH,)„  mclls>t38°a 
boils  at  196°.  These  arc  fanned  simullaDcously  on  trealing  acetone  with  deliydratil 
agents,  e.g.,  ZnClj,  H,50,.  and  HCI.  Hjrdiochloric  acid  is  best  adapted  for  tl 
purpose,  the  acetone  being  saturated  with  it.  while  il  is  cooled.  The  hTdiocbloric 
acid  addition  producls,  (CH,),Ca  .  CH, .  COCH,  and  (CH,),CC1 .  CH, .  CO .  CH, ,  - 
CC1(CH,),,  are  decomposed  by  caustic  alkalies,  and  the  mesiiyl  oxide  and  phorone 
[hen  separated  by  dislillalion.  When  ncelone  is  condensed  by  Hme  or  sodium 
elhylate  there  is  produced  along  with  Ihe  mesityl  oxide  a  cyclic  ketone  isomeric  with 
phorone.  It  is  called  iaophorone.  Camphor-pfaorone  is  also  isonieric  with  these 
two  phorones.  Mesityl  onide  combines  with  ammonia  to  diacelonamine  (p.  219), 
and  wiih  hydra^ne  lu  trimethyi  pyiazoline.  Mesilyl  oxide  is  aKo  produced  when 
diaitleni  aliekat  (see  this)  and  diacrlonamint  (p.  219I  are  healed  alone;  also  to- 
gether with  acetone  when  phorone  is  heated  with  dilute  mlphuHc  acid,  which 
eventually  causes  it  (o  break  down  into  tam  molecules  of  acetone,  as  the  result  of 
water  abiorplion  (A.  180,  ll ;  also  by  the  action  of  isobutylene  upon  acetic  anhy- 
dride in  the  presence  of  a  little  ZnCI,  (B.  17.  R.  941).  Mesiiyl  onide  takes  up  two 
and  phorone  ioui  bromine  atoms ;  both  yield  oiimet  with  faydronylamine. 

Hislorital. — Kane  discovered  mesityl  oxide  in  1S3S,  when  he  obtained  il,  logrlher 
with  mesilylene,  by  the  action  of  concentrated  sulphuric  acid  on  acetone.  At  that 
time  he  regarded  acetone  as  alcohol,  and  called  it  mesilaliehol.  In  mesityl  otide  nnil 
mesilylene.  Kane  thought  he  bad  discovered  bodies  which  bore  the  same  relation  to 
mcsilvl  alcohol  or  acetone  that  ethyl  ether  or  elbvl  oxide  and  ethylene  boie  to  ethyl 
alcohol.  Kekul*  developed  the  formula  (CH,),.  C  =  Cll  .CU.  CHj  for  mesityl 
oxide,  which  had  been  suggested  by  CInisen.  Baeyet  discovered  phorone,  andCIaisen 
assigned  to  it  the  formula  (CHj),C--=  CH  .  CO  .  CH  ^  C(CH,1,  [  A.  iSo.  1). 

Methytbeptenone,  {CH,),C:  =  CH .  CH,.  CH, ,  CO .  Oil,,  boiling  at  173°, 
occurs  in  many  ethereal  oils,  r.g.,  citral,  geranium  oil,  etc.  Il  is  produced  in  the 
distillation  of  cineolic  anhydride.  It  bas  been  synthesized  by  tienting  the  reaction- 
product  re'olting  from  sodium  acelonyl acetone  and  araylene  dibromide,  (CH,l,CBr-- 
CH, .  CH,Br,  with  caustic  soda  (B.  ig,  R.  590),  Il  is  a  liquid  with  a  penetrating  I 
odor  resembling  that  of  ainyl  acetate.  Potassium  permanganate  decon 
acetone  atid  Invulinic  acid.  Zinc  chloride  converts  il  into  m-dihydrox; 
313:  B.  38,  ills,  *"6).  hoamylidini  actttnc,IX:\\,\<:M.Q.W,.CYi.=  QaM 
COCH,.  boils  al  180=  {B.  87,  B-  m).  "■ 

Diailylacetone.  CH,  =  CH.  CH,.  CH,.  CO,  CH,.CH,.CH  =CH,.  boiling 
al  tl6°  (70  mm.),  is  obtained  from   dial lyl- acetone   dicarboxylic   ester   (cum; 

Pseudoionone  U  a  diolefine-ketone,  and  il  will  be  described  together  with  l! 
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4.  MONOBASIC   ACIDS. 

The  organic  acids  are  characterized  by  the  atomic  group,  CO .  OH. 

»lled  carboxyl.     The  hydrogen  of  this  can  be  replaced  by  metals  and 

alcohol  radicals,  forming  salts  and  esters,     These  organic  acids  may 

Kbe  coni|>ared  to  the  sulphonic  acids,  containing  the  sulpho-group, 

_.OH. 

The  number  of  carboxyl  groups  present  in  them  determines  their 
asicity,  and  distinguishes  them  as  mono-,  di-,  tri-basic,  etc.,  or  as 
,  di-  and  iri- carboxyl ic  acids : 

C(\  H  /CO,!! 

CH,.CO,H  CH,<X„'f:  C,H.^CO,H 

LUjii  N:n,n. 

A«lit  Add  Mnlcinic  Acid  TticailMllylic  Acid. 


I 


We  can  view  the  monobasic  saturated  acids  as  combinations  of  the 
carboxyl  group  with  alcohol  radicals;  they  are  ordinarily  termed /j//j' 
[aeiift.  They  correspond  to  the  saturated  primary  alcohols  and  alde- 
hydes. The  unsaturated  acids  of  the  acrylic  acid  and  propiolic  acid 
series,  corresponding  to  the  unsaturated  primary  alcohols  and  alde- 
hydes, are  derived  from  the  fatty  acids  by  the  exit  of  two  and  four 
hydrogen  atoms. 

They  are  distinguished  as : 

,  Paraffin  monocarboxylic  Acids,   C,H„0„  formic  acid  or  acetic 
acid  series. 
B.  Olefine  monocarboxylic  Acids,   CaHa_,0„   oleic  or  acrylic  acid 

C-  Acetylene  monocarboxylic  Acids,  C,H,„^0„  propiolic  acid  series. 
".   Diolefine  carboxylic  Acids,  C.H.^O,. 

Nomenclature. — ^The  "Geneva  nomeuclalure  "  deduces  the  names 
of  the  carboxylic  acids,  just  like  the  alcohols  (p.  1 1 1),  the  aldehydes 
CP-  190),  and  the  ketones  (p.  z\\),  from  the  corresponding  hydro- 
carbons; thus  formic  acid  is  [meihanic  acid]  and  acetic  acid  is 
[ethanic  acid],  etc. 

The  radical  of  the  acid  is  the  residue  in  combination  with  the 
■  hydroxyl  group : 

I  CH,.CO_  CH,.CH,.CO—  CH,.CTI,.C[l,.cn_ 

Aceiyi  Propfonyl  Buiycyl. 

The  names  of  the  Irivalent  hydrocarbon  residues,  which  in  the  acid 
residues  are  united  with  oxygen,  are  indicated  by  the  insertion  of  the 
syllable  "  en  "  into  the  names  of  the  corresponding  alcohol  radicals: 


The  group  CH^,  however 

but  also  the  raethitie  group. 


i  not  only  called  the  methenyl  group, 
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Review  of  the  Derivatives  of  the  Monocarboxylic  AcidsJ 

— Numerous  classes  of  bodies  can  be  derived  by  changes  in  l' 
boxyl  group.  In  connection  with  ihe  fatty  acids  mention  wilt  onlji 
be  made  of  the  salts.  The  other  classes  of  derivatives  will  be  conj 
sidered  as  such  after  the  fatty  acids.     They  are : 

(i)  The  esters,  resulting  from  the  replacement  of  hydrogen  in  t] 
carboxyl  group  by  alcohol  radicals  (p,  353). 

(i)  The  {khrides  (bromides  and  iodides),  which  are  compounds  1 
the  acid  radicals  with  the  halogens. 

(3)  The  acid  anhydrides  (p.  259),  conripounds  of  the  acid  radic 
with  oxygen. 

(4)  The  acid  peroxides  {p.  a6i). 

(5)  The/^'f  (if(d'j(p.  261),  compounds  of  the  acid  radicals  with  S 
f6)  The  acid  amides  (p.  262),  compounds  of  the  acid  radicals  w 

NH,. 

(7)  The  aeidnitriUs  (p.  266). 
Hence  acetic  acid  yields  the  following : 
I.  CH,.CO,.C,H,       2.  CH,.C0C1      3.  (CH,.CO),n      4.  (Cn,.CO),0-l 

Acclic  Elhyl  Esl«  Aceiyi  Cliloride  AcMic  Anhydride  Aceiyl  F ■"-  ' 

5.  CH,.COSH  6.  CH,.CONH,  7.  CH,.C^N 

AssociMed  w<lh  the  add  haloids,  ncid  amides,  and  nilriles  ar« :  (S)  a^id  hydratiA 
(p.  z6s) ;  (9)  amidi  chlorides  (p.  268)  j  (lo)  imidf  Moridn  (p.  268)  1  (II)  iml' 
tthtrs  (p.  269)-,  (12)  Ikioamidis  {^.  269);  (13)  amidiufs  (p.  270) ;  (14)  hydrtxm 
acidi  (p.  270}  ;  (15)  Hitrelie  acids  (p.  370) ;  (16)  amideximis  (p.  271]. 


a,  Cn,-CO    NH.NH, 

Acelylhydtaiin* 

9.  CH. ,  CO, .  NH, 

10.  CH,.CCI:NH 

II.  CH,.C/ 

,0H 
Elhj-I  Hydr(.«n>ic  Acid 

-NH, 

Tbioacc  tarn  i  lie 
,NO, 

15.  cn,.c.^ 

"^■NOH 
ELhylNilcnllcAcid 

.NH, 
13.  CH,,C<' 

AceUmldFne 
.Nil, 
16,  CTI,.C^ 

L 


Numerous  derivatives  are  also  obtained  by  the  replacement  of  tl 
hydrogen  atoms  in  the  radical   combined  with    hydroxyl    by  othi 
atoms  or  groups.     Only  the  halogen  siibsHMion  products  will  be 
scribed  under  the  fatly  acids,  after  the  discussion  of  the  various  classes 
mentioned  in  the  preceding  paragraphs. 

The  fatly  acids  can  be  recovered  from  all  of  the  above  classes  of 
derivatives  by  simple  reactions. 

Il  has  already  been  indicated,  under  ihe  oxygen  derivatives  of  ll 
methane  hydrocarbons,  that  aldehydes,  ketones,  and  tariioxyli 
may  be  considered  as  anhydrides  of  non-existing  diacid  or 
alcohols,  in  which   the  hydroxyl  groups  are  attached  to  the  sai 
carbon  atom  (p.  108),    In  this  exposition  the  alcohols  and  ketoM 


of 


B 

^^a 
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:re  especially  recalled,  because  there  were,  for  example,  under  the 
'■ftccub  (p.  aoo)  and  under  the  onhokeionealkj'l  ethers  (p.  217),  ethers 
of  just  such  glycols  cr  ortho- aldehydes,  nonexistent  ordinarily  in  the 
free  state,  and  of  orthoketones,  while  chloral  hydrate  itself  was  such 
a  glycol. 

The  Irihydric  alcohols,  corresponding  to  the  carboxylic  acids,  can 
101  exist,  but  eihers  of  them  are  known.  The  hypothetical,  trihydric 
Icohols,  of  which  the  carbonic  acids  may  be  considered  anhydrides, 
lave  been  called  eriho  acids,  suggesting  Iribasic  phosphoric  acid  as 
■Brthophospkotie  add  (h.  139,  114;  J.  (1859)  152;  B.  2.  115).  This 
designation  has  also  been  conveyed  to  the  orlhoaldehydes  and  ortho- 
ketones. 

It  is  customary  to  si)eak  of  "  hypothetical  orthoformic  acid  "  and 
of  "  onhoformic  esters,"  the  esters  of  tribasic  formic  acid,  oi  formic 
acid, — which,  in  reference  to  the  relation  of  orihophosphoric  to  meta- 
phosphoric  acid,  PO(OOH),  might  be  termed  melaformic  add, — and 
oi  formic  acid  fsUrs : 

yOC,H.  ,0H  ^OC,H. 


HClOU  HCCOC.H. 

Olthofotmit  Acid        OrthorormicEtliyl 


Foitrk  Elhyl 


A.    MONOBASIC   SATURATED    ACIDS,    PARAFFIN    MONO- 
CARBOXYLIC  ACIDS, 

Cli,    y..  CO,H. 


The  chloride,  bromide,  and  iodide  corresponding  to  orthoformic  acid 
are  chloroform,  bromoform,  and  iodoform. 

rit  is  only  in  the  case  of  formic  acid  that  the  ortlw-acid  derivatives 
quire  a  special  designation.  They  will  be  discussed  immediately 
llowing  the  derivatives  of  the  ordinary  formic  acid. 
Formic  acid,  H .  COOH,  is  the  first  member  of  this  series.  The 
radical  HCO,  in  union  with  hydroxyl,  is  caWe  A  f army  I.  This  acid  is 
distinguished  from  all  its  homologues  and  the  unsaturated  munocar- 
boxylic  acids,  in  that  it  manifests  not  only  the  character  of  a  mono- 
basic acid,  but  also  that  of  an  aldehyde.  To  express  in  a  name  its 
aldehyde  character  the  acid  might   be  designated  oxyformaldehyde, 

HO.C<S. 

From  a  chemical  standpoint,  this  acid  stands  closer  to  glygxylic  aeid, 
CHO  .  CO,H  (see  this)  than  to  acetic  acid.  Therefore,  formic  acid 
and  its  derivatives  will  be  treated  before  acetic  acid  and  its  homo- 
logues arc  disciasscd. 

PORUIC  ACID  AND  ITS  DERIVATIVES. 

It  is  not  only  the  aldehyde  character  which  distinguishes  formic 

Lccid  from  acetic  acid  and  its  homologues,  but  it  is  also  the  absence  of 

»  chloride  and  anhydride,  corresponding  to  aretyl  chloride  (see  this) 
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and  acetic  anhydride  (see  ihis).  The  withdrawal  of  water  from 
formic  acid  leads  to  the  formation  of  carl)on  monoxide;  this 
transformation  manifested  by  none  of  the  higher  homologues.  Prussic 
acid  (hydrocyanic  acid),  the  nilrile  of  formic  acid,  has  an  acid  nature, 
and  therein  differs  from  the  indifferent  nitriles  of  the  homologous 
acids.  Formic  acid  is  twelve  times  stronger  than  acetic  acid.  The 
affinity  constants  from  the  electric  conductivity  show  this  ^Ostwald).      i 

To  formic  acid  will  be  appended  carbon  monoxide,  and  its  nitrogen-  1 
containing  derivatives,  \\\eisonitnies(i\  carhylatnines,  C=:^N—  R'.and 
fulminic  acid. 

Formic  Acid,  HCO.OH  {Acidum  formimfii),  is  found  free  in 
ants,  in  the  case-worm  of  Bombyx  proeessionea,  in  stinging  nettles, 
in  shoots  of  the  pine,  in  various  animal  secretions  (perspiration),  and 
may  be  obtained  from  these  substances  by  distilling  them  with  w 
It  is  produced   artificially  according  to  the  usual  methods: 

(i)  By  the  oxidation  of  methyl  alcohol  and  formaldehyde: 
o  o 

H .  CH,OH ■>  H  .  CHO >-  H .  CO.H. 

(i)  By  heating  hydrocyanic  acid  with  alkalies  or  acids : 
HCN  +  2H,0  =  HCO .  OH  +  NH,. 

(3)  By  boiling  chloroform  with  alcoholic  potash  (Dumas)  : 

CHC1,  +  4KOH  =  HCO .  OK  +  3KCI  +  aH,0. 

(4)  From  chloral  and  (5)  from  propargylic  aldehyde  (p.  309)  and   : 
:austic  potash  (Liebig) : 

CO,.  CHO  +  N«OH  =  HCOON»  +  HCa,. 

Worthy  of  mention  is  (6)  the  direct  production  of  formates  by  the  \ 

action  of  CO  upon  concentrated  potash  at  100°.     The  reaction  occurs 

more  easily  if  soda-lime  at  3oo''-2Jo''  (Berthelot,  A.  97,  125  ;  Geu- 

ther,  A.  302,317  ;  Merz  and  Tibiri?^,  B.  13,  718)  be  employed: 

CO  +  NbOH  =  IICO.ONb. 

(7)  By  action  of  acids  upon  isocyanides  or  carbylamines  (p.  237) : 

CN.C,Hi  +  2H,0  =  H.CO,H  -j-  C,HsNH,. 

(8)  From  fulminic  acid  by  means  of  concentrated  hydrochloric  acid 
(see  formyl  chloridoxime,  p.  2^1).  Hydroxylamine  is  formed  simul- 
taneously : 

C  =  N.OH  +  aH,0  +  HQ  =  H .  CO,H  +  NH,OH.Ha. 

(9)  By  letting  moist  carbon  dioxide  act  upon  potassium  : 

3CO,  +  4K  +  H,0  =  2HCO .  OK  +  CO,K,  (Kolbe  and  SchmitI,  A.  tig,  151). 

■o  produced  in  Ihe  action  of  Kodiuni  omalgnni  upon  a  concenlrated 
n  cBrbonale  solution,  or  with  the  mme  reagent  upon  aqueous  pri. 
nuiy  carlxtiiBtes;  likewise  on  boiling  linc  carLonate  with  caustic  potash  itid  zinc 


J 


(lo)  The  niosl  practical  method  or  preparing  formic  acid  consists  j 
n   heating  oxalic  acid.     This  decomposition  is  accelerated  by  the 
presence  of  glycerol  (Berthelot). 

Oxalic  acid  treated  niope  decomposes  into  catboD  dioiide  and  fomiic  acid,  or   J 
carbon  monoxide  and  nrater ;  the  latter  decomposition  preponderates ; 
COOH  ^  HCO,H  +  CO, 

COOII 


I 
I 


When,  however,  (C,O.H, 
the  whole  heated  to  ioo-tf< 
3  with  the  glycerol  t< 


■5J  CO  +  H,0  +  CO,. 

h  aH,0)  it  added  lo  moist  coneenirsied  glycerol  axii    ' 
1°,  oialic  acid  parts  with  its  wnler  of  crystal liiatioi 
form  glyctrol  furmic  eittr  : 


C,H.i  OH  +  C,0,H,  =  CjH.  1  OH 
loH  lo.CC 

On  Turtlier  addition  of  cryalallized  o 
drous  acid  and  water,  which  coDve 
formic  acid : 

C,H,(OH), .  (O .  CHO)  +  H,Q  =  C,Hj(0H),  +  CUO .  OH. 

At  first  the  acid  is  very  dilute,  but  later  it  reaches  56  per  cent.  U  anhydraiu 
acid  he  employed  at  the  lieginning,  a  9S-98  per  cent,  formic  acid  is  produced. 

To  obtain  anhydrous  acid,  the  aqueous  product  is  boiled  with  lead  oxide  or  lead 
cacbonate.  The  lead  formate  is  then  decomposed,  at  100°.  by  a  current  of  hydrogen 
sulphide.     Or,  formic  acid  of  high  percentage  is  dehydrated  by  means  of  boric  add 

(H.  14, 1709)- 

Formic  acid  is  a  mobile  liquid  with  a  specific  gravity  of  i.>2  at  30° 
and  boils  at  100.6°  (760  mm.).  It  becomes  crystalline  at  o",  and 
fuses  al  4-8.6°.  It  has  a  pungent  odor  and  canses  blisters  on  the 
skin.  It  mixes  in  all  proportions  with  water,  alcohol  and  ether,  and 
yields  the  hydrate  4CHA  +  3H,0,  which  boits  at  107. 1=  (760  mm.) 
and  dissociates  into  formic  acid  and  water.  Concentrated,  hot  sul- 
phuric acid  decomposes  formic  acid  into  carbon  metioxide  and  water. 
A  temperature  of  160°  suffices  to  break  up  the  acid  into  carbon  dio  '  ' 
and  hydrogen.  The  same  change  may  occtir  at  ordinary  temperatures 
by  (he  action  of  pulverulent  rhodium,  iridium  and  rutheniui 
readily  when  platinum  sponge  is  employed. 

According  to  its  structure  formic  acid  is  also  an  aldehyde,  as  it  con- 
tains the  group  CHO ;  this  would  account  for  its  reducing  property, 
its  ability  to  precipitate  stiver  from  a  hot  neutral  solution  of  silv< 
nitrate,  and  mercury  from  mercuric  nitrate,  the  acid  itself  oxidizin 
to  carbon  dioxide : 


■  HO .  C.^ 


->■  CO,  -I-  n,o. 


'bnnatfi.  enceplinf;  the  sparingly  soluble  lead  and  silver  salts,  ate  teiidily  soIuMe  I 

in  water.     L/a4 fermilt.  (llCO,),Pb,  cryalalli«s  in  beautiful  needles  and  dissolves  I 

in  36  part!  of  cold  water.    Sikifrformnlr,  HtlOjAg,  rapidly  blackens  on  exposure  to  \ 
light. 
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Z}tismp\iiUi<in  of  Fermatts.~\    The  alkili  sallt,  healed  carefully  lo  150°,  hFtomc 
lialales  wilh  evolution  of  hydrogen; 

CO .  OK 
aCHO.OK=   I  -f  II,. 

CO.  OK 

2,  Uy  ignition  of  potauium  fonnale  with  an  excess  of  alkali  it  decomposes  with 
the  formation  of  a  carbonate  and  the  liberallon  oi  pure  hydrogiH,  H  .  CO.K  -I-  KOH 

=  K,CO,  -f  H,. 

3.  The  ammonium  mIi,  healed  lo  230^,  poxsea  'xDVofaimQmide: 


H.CO.NH,    -- 


dioxide  and  fotmic  ai 


aall  and  « 


Tcnry  salt,  when 


-^  H-CONH,. 

leated,  dacompotie 


aCnO.Ag  =  iAg  +  CO,  +  H  .  CO.H. 
laU,  when  heated  with  ihr  calcium  salts  of  higher  fatty  acids,  yields 
:hlor-carlK>tiic  acid.     It  will 


I 


S,  The.u/., 
aliitkydfi  (p.  I 

Monochlorfonnic  acid,  CCIO.  OH,  is  regarded 
be  discussed  aflei  carbonic  acid. 

Esters  of  Formic  Acid. — Liquids  with  an  agreeable  odor.  They 
are  jirepared  from  (1)  formic  acid,  alcohol  and  hydrochloric  or  sul- 
phuric acid;  (j)  from  sodium  formate  and  alkyl  sulphates;  (3)  from 
glycerol,  oxalic  acid  and  alcohols. 

Methyl  Formic  Ester  boils  at  32.5°.  Peichlor-melhyl  formic  ealer, 
CCIO,,  Cll,.  boils  at  180-1 85",  Heated  lo  305*  it  breaks  opinio  caibonyL  chloride, 
C.CI.O,  =  2COCI,,     Aluminium  chloride  converts  it  into  CCl,  and  CO,, 

Ethyl  Formic  Bster  boils  at  54.4°. 

This  liter  lerres  in  the  manufacture  of  artificial  rum  and  arrack,  and  for  the  union 
of  the  tonnyl  group  wilh  otganic  radicals  (see  foraiyl  acetone,  etc.). 

The  D'priifyl  filer  boils  at  8l°.  The  a-hulyl ester  lolls  al  107=.  For  higher  esters 
(onsult  A,  133.253- 

The  ally!  ester  boils  at  Sz-Sj". 

Formamide,  CHO.  NH„  the  amiile  of  formic  acid  (compare  acid 
amides)  is  obtained  (i)  by  heating  aromunium  formate  to  230"  (B.  la, 
973  ;  ^Si  980).  or  C')  ethyl  formic  ester  with  alcoholic  ammonia  10 
100°;  t3)  by  boiling  formic  acid  with  ammonium  sulphocyanide  (B. 
16,  3291).  It  is  a  liquid,  readily  soluble  in  water  and  alcohol,  and 
boils  with  partial  decomposition  at  192"— 195°.  Heated  rapidly  il  breaks 
up  into  CO  and  NH, ;  P,Oi  literates  HCN  from  it.  It  combines  wilh 
chloral  (p.  197)  lo  form  chloral  formamide .  CCl. .  CH{OH)NHCHO, 
melting  at  114-115°,  and  finding  use  as  a  narcotic. 


I 


Ethyi  Fonnamide,  CHO  .  NH  ,  C,H,.  is  obt. 
by  distilling  a  mixture  of  ethylaminc  wilh  chloml 

CCl, .  CHO  -f  NH, .  C,H,  =  CHO .  NH 
It  boil*  at  199°. 


led  from  ethy!  formic  esler; 
H, -f  CCl.H. 


ed   from  ^H 


I 
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Allyl Fermamidt  boils  at  109°  (15  mm.)  {B.  aS,  1666). 

Fotmyl  Hydrazine,  HCONHNH,,  melting  at  54°,  is  obtained 
formic  ester  and  hydrazine.     It  yields  triazole  ^B,  27,  R.  Sot)  when 
heated  with  romiamide. 

Diformyi  Hydrazine,  HCONH  .  NH  .  COH,  meltiDg  at  io6»,  is  ob- 
tained from  an  excess  of  formic  ester  and  hydrazine,  heated  to  130" 
(H.  38.  R.  I4J)-  lis  lead  salt  and  ethyl  iodide  yield  Diformyi  Ditlkyl- 
kydraiinei^.  37,  iajS). 

Hydrocyanic  Acid,  Prassie  Acid,  Formonilrile,  CNH, 
m'trile  of  formic  acid  (see  acid  nitriles),  is  a  powerful  poison.  It 
occurs  free  in  an  accumulated  condition  in  all  parts  of  the  Java  tree 
Pangium  edule  (B.  33,  354S).  It  is  obtained  (i)  from  amygdalin  (see 
this),  a  gliicoside  contained  in  bitter  almonds,  which,  under  favorable 
conditions,  takes  up  water  and  breaks  down  \nto  fruisic  acid,  grafie 
sugar,  and  bitter  almond  oil  or  benzaldehyde  (Liebig  and  Wohler,  A. 
23,  i).  An  aqueous  solution,  thus  obtained,  containing  very  little 
hydrocyanic  acid,  constitutes  the  officinal  atjua  amygdalarum  ami 
arum;  its  active  ingredient  isprussicacid.  (2)  By  the  action  of  phi 
phorus  pentoxide  upon  formamide;  (3)  synthetically,  bypassing  the 
electric  spark  through  a  mixtureof  acetylene  and  nitrogen  (Berthelol)  ;■ 
(4)  from  cyanogen  and  hydrogen  under  the  influence  of  the  siteni 
electric  discharge;  (5)  when  chloroform  is  heated,  under  pressure, 
with  ammonia;  (6)  upon  boiling  formoxime  (p.  ao6)  with  water: 
I.  C;,H„NO„  +  2H,0  =  CNH  +  C.H.CHO  +  iC,H,,0, 

Amygdalin  Benialdihyde    Grape  Suiar. 

a.  HCONH, ' >  CNH  +  H.O 

3.  CHSCH     +       N-=aCNH 

4.  CN.CN       +       H,  =  2CNH 

5.  HCCl,  +5NH,=  CNNH. +  3NHjC] 

6.  H,C  =  N .  OH  =  CNH      +  H,0. 

Hydrogen  cyanide  is  prepared  from  metallic  cyanides,  particularly 
yellow  prussiaie  of  potash  or  potassium  ferrocyanide,  by  the  action  of 
dilute  sulphuric  acid : 

aFe(CN),K.  +  3SO.H,  =  Fe,(CN),K,  +  3S0,K,  +  6CNH. 

The  aqueous  prussic  acid  obtained  in  this  way  is  dehydrated  by) 
distillation  over  calcium  chloride  or  phosphorus  pentoxide. 

HiitoHcal. — Sclieele  dUcoveced  prusaic  add  in  17S2.  Gay-Lussac,  in  iSlI,  ob-^ 
tsined  it  onhydniDS,  in  ibe  course  of  bis  memonibJe  invHIigaliDDs  u]ion  [he  radicaiV 
cyanogen.  In  hydrogen  cyanide  he  recogniied  the  hydri^en  dcriTaiive  of  a  radiciVfl 
coniistlng  of  CRtbon  and  nitrogen,  tor  which  he  suggested  tbe  name  cyanogtneV 
(Kiai'or,  bluf,  yrmiu,  to  fndiKt'). 

Properties. — -Anhydrous  hydrocyanic  acid  is  a  mobile  liquid, 
specific  gravity  0.697  at  iS',  and  becomes  a  crystalline  solid  at  — tg*. 
It  boils  at  +16.5°.  Its  odor  is  [wculiar,  and  resembles  that  of  0" 
of  bitter  almonds.     The  acid  is  extremely  poisonous. 
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It  is  a  feeble  acid,  and  imparts  a  Taint  red  color  lo  blue  litmus. 
Carbon  dioxide  decomposes  its  alkali  salts.  Like  the  haloid  acids,  it 
reacts  with  metallic  oxides,  producing  metallic  cyanides.  From  solu- 
tions of  silver  nitrate  it  precipitates  silver  cyanide,  a  white,  curdy 
precipitate. 

Tiansfiosi lions. — (i)  The  aqueous  acid  decomposes  readily  upon 
standing,  yielding  ammonium  formate  and  brown  substances.  The 
presence  of  a  very  slight  quantity  of  stronger  acid  renders  it  more 
stable.  When  warmed  with  alkalies  or  mineral  acids  it  breaks  up 
into  formic  acid  and  a 


CNH  +  aH,0  =  CHO.OH  +  Nil,. 

(2)  Dry  prussic  acid  combines  directly  with  the  gaseous  halogen 
hydrides  (p.  231)  lo  form  crystalline  compounds.  With  hydrochloric 
acid  it  probably  yields  Formimide  ehhtide,  (H .  CCI  =  NH),HCl 
(B.  16,  351).  The  acid  also  tmites  with  some  metallic  chlorides, 
t  g.,  Fe,CI„  SbCl,. 

(3)  Nascent  hydrogen  (zinc  and  hydrochloric  acid)  reduces  it  to 
methylamine  (p.  162). 

(4)  When  hydrogen  cyanide  unites  with  aldehydfs  3.r\A  keloms,  the 
double  union  between  carbon  and  oxygen  in  the  latter  compounds  is 
severed,  and  cyanhydrins,  the  nitriUs  of  a-oxyacids,  are  produced. 
These,  by  this  means,  are  obtained  by  a  nucleus  synthesis.  This  rather 
important  synthesis  has  become  especially  interesting  for  the  up- 
building of   the  aldoses,  to  which  class  of  derivatives  grape-sugar 

(s)  Prussic  acid,  or  potassium  cyanide,  adds  itself  to  many  a^i-unsat- 
iirated  carboxvlic  acids,  producing  thereby  saturated  nitrilo  carboxylic 
acids  (A.  393,  338). 

For  further  addition  reactions  of  prussic  acid,  compare  formimido 
ether  (p.  232)  and  isouretine  (p.  J33). 


of  prussic  acid  from  formxmide  on  tlie  one  side, 
iniuDi  fonnatc,  are  pioofi  positive  of  ils  being  the 
nilrile  of  ronlUG  acid  (see  acid  Ditrilesl.  lis  romialioD  Ucaa  chlororomi  and  bom 
acetylene  argue  also  for  the  formula  If .  C^N.  llie  Teplacemenl  of  hydrogen, 
combined  with  carbon,  by  raetala  is  shown  also  by  atftyUne  (p,  97)  and  other  est- 
bon  compounds  containing  negative  groupB,  f-g-.  the  nitro-elhants  (p.  ISaI-  How- 
ever, on  replacing  the  metal  atoms  in  the  salts  by  alkyls,  two  classei  of  deiJvalives 
are  obtained.  The  one  series  has  the  alkyls  tmitcd  to  carbon,  as  required  by  the 
formula  H  .  C^N  ;  ni/rj/rtof  mooocarboiylic  acids,  ^.  f,  CH,.  CN.  In  the  other 
class  lb«  alkylsare  joined  to  niln^n:  isonitrilft  ot  cartylamiHa,e.g.,C  =  'ii.  CH,. 
The  latter  ate  nitrogen -containing  derivatives  of  carton  menoruft,  and  will  be  dis- 
cussed afler  this  body.  In  many  respects  the  deportment  of  prussic  acid  recalls 
thai  of  the  isonitriles,  hence  in  recent  years  the  formula  HN^C  has  also  been 
bronght  forward  for  it.  and  many  of  the  reactions  of  potassium  cyanide  conform 
better  with  the  isonitrtle  formui.n,  K .  N  =  C.  than  with  K  .  CsN.  the  formula  usually 
assigned  to  this  salt  (A.  387,  263).  The  formation  of  scetonitnle  from  prussic  add 
and  diaioraelhane  argues  for  the  nitrile  formula  of  hydrogen  cyanide  ( B,  93,  857). 
Dflrrlion.^Xa  detect  small  quantities  of  free  prussic  acid  or  Its  soluble  fa  Its, 
with  caustic  pol4)3h,  add  a  solution  of  a 


I 


I 


rochloric  ^^1 
c  sboald  ^^1 
reaciion       ^H 
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ftmius  erIi,  ccDIainine  ^"^^  '<"^^  <-''''i  ■"'^  'x''' '°'  ■  ^^i"''  ''"i^-     -^dil  hydrochloric 
■['id  lo  diii>o1«e  (lie  preci[iiuiled  iron  olidei.     l(  any  insoluble  Prussian  blue 
*      it  would  indicile  the  pcesetice  of  hydrocyanic  acid.     The  following  ri 
Mtisitive.     A  tew  dro|»  of  yellow  ammonium  sulphide  are  added 
add  solution,  and  [his  then  evapoiated  to  dryness.     Ammonium  sulpho- 
Cjaiiide  will  remain,  and  if  added  lo  a  fi*mi:  salt,  will  color  it  a  deep  red. 

f^fynuritatiaM  of  rruiiic  AJd. — When  ihe  aqueous  acid  stands  for  tome  lime 
Id  contact  with  caustic  alkalies,  or  with  alkaline  carbonates,  or  if  pmssic  acid  made 
from  the  anhydrous  acid  be  mixed  with  a  small  piece  of  polBssium  cyanide,  not  only 
brown  substances  separaic,  but  also  white  crystals,  soluble  in  ether,  and  hoving  the 
'me  percentage  composilion  al  hydrocyanic  acid.  Inasmuch  as  they  break  down, 
I  boiling,  into  ^ly I  Moll,  NH,.  CH, .  CO,H,  carbon  dioiide  and  ammonia,  ihey  are 
nsinraed  lo  lie  Ihe  ni'n/f  of  ,umJom„lonif  acid,  (CN),CHNH,  (B.  7.  ^^^^).  They 
decumpoae  at  lSo°,  wiih  explosion  and  partial  reformation  of  pnissic  acid. 

Salts  of   Hydrocyanic  Acid. — Cyanides  and  Double  Cyanides 

— Tlie  importance  of  the  cyanides  and  double  cyanides  in  analytical 

chemistry  explains  the  reason  for  the  discussion  of  prnssic  acid  and  its 

salts  in   inorganic  text-books,     la  organic  chemistry   the  metallic 

cyanides  serve  for  the  introduction  of  the  cyanogen  group  into  carbon 

compounds  (compare  aeidmlriUs,  aketonk  acids,  etc.). 

I       The  alkali  cyanides  may  be  formed   by  the  direct  action  of  these 

I  metals  upon  cyanogen  gas ;  thus,  potassium  burns  with  a  red  flame  in 

I  cyanogen,  at  ihe  same  time  yieltling  potassium  cyanide,  C,N,  -j-  K,  ^ 

I  aCNK.     They  are  also  produced  when  nitrogenous  organic  substances 

[  are  healed  together  with  alkali  metals.     The  strongly  basic  metals 

in  hydrocyanic  acid,   fonning  cyanides.     A  more  common 

1  procedure  is  to  act  with  the  acid  upon  metallic  oxides  and  hydroxides : 

CNH  4-  KOH  =  CNK  +  11,0;  aCNH  +  HgO  =  HglCN),  +  H,0. 
j  The  insoluble  cyanidesof  the  heavy  metals  are  obtained  by  the  double 
decomposilion  of  the  metallic  salts  with  potassium  cyanide. 

The  cyanides  of  the  light  metals,  especially  the  alkali  and  alkaline 
;arths,  are  easily  soluble  in  waier,  react  alkaline,  and  are  decomposed 
by  acids,  even  carbon  dioxide,  with  elimination  of  hydrogen  cyanide; 
yet  they  are  very  stable,  even  at  a  red  heat,  and  sustain  no  change. 
The  cyanides  of  the  heavy  metals,  however,  are  mostly  insoluble,  and 
are  only  decomposed,  or  not  at  all,  by  the  strong  acids.  When  ignited, 
the  cyanides  of  the  noble  metals  suffer  decomi>osition,  breaking  up 
I  into  cyanogen  gas  and  metals. 

The  following  simple  cyanides  are  especially  important  in  organic 
I   chemisity : 

Potassium  Cyanide,  CNK. — Consult  v.  Richter's  "  Inorganic 
Chemistry  "  for  method  of  preparation,  properties,  and  technical  ap- 
plications of  this  salt. 

Its  nqueous  or  alcoholic  solution  becomes  brown  in  color  on  exposure  to  the  air ; 
it  decomposes  rapidly,  on  boiling,  into  potassium  formate  and  amDionia.  When 
liiscd  in  the  air,  as  well  as  with  cosily  reducible  metallic  oiidei.  the  sail  absorbs 
oxygen  and  is  cooTerled  inlo  fmlasiiura  isocyanatt  (see  this).  When  acid  haloids  or 
alkyl  sul[JiBtT>  are  heated  with  potassium  cyanide,  acid  nitriles  willi  varying  amounts 
of  isomeric  carbylamines  oi  isonilriles  are  produced.     Many  organic  halogen  substi- 


I 


J 


I 
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prodocta  ore  truiapoaEd  into  Dilriles  tbrough  the  ngency  of  polasrium  C}'snidc, 
Ethyl  hyiiochlorile  and  potassium  cy&aide  yield  cjinnimidocarbonic  ester  a  reaction 
which  ai^ucs  for  the  isunitrile  formulH  of  potassium  cjranide  (A.  387,  274). 

Ammoniuro  Cyanide,  NII,CN,  U  fonned  by  the  direct  union  of  CNH  with 
ammonia,  by  heatmg  carbon  in  ammonia  gas,  by  the  action  of  amnioDia  upon  chloro- 
fotni  (p.  12S].  by  the  action  of  the  silent  electric  discharge  upon  mttkant  and 
nitrogen,  and  by  conducting  carbon  monoxide  and  ammonia  through  red-hot  lubeii. 
Jl  ii  best  prepared  by  sobliroing  a  mixtare  of  potassium  cyanide  or  dry  ferrocyaniJe 
with  ammonium  chloride.  It  consists  of  colorless  cubes,  easily  soluble  in  alcohol, 
and  subliming  at  40°,  with  partinl  decomposition  into  NH,  and  CNH.  When  pre- 
served it  tiecomesdirk  in  color  and  decomposes.  It  yields  mtlkylent  amido  aitla- 
ni/rilt  (compare  glycocoll). 

Mercuric  Cyanide,  Hg(CN),.  is  obtained  by  dissolving  mercuric  oxide  in  hydro- 
cyanic acid,  or  by  boiling  Prussian  blue  (S  ports)  and  mercuric  oxide  (■  pari)  with 
water  until  the  blue  coloration  disappears.  It  dissolves  readily  in  hot  water  (in  8 
parts  cold  water),  and  crystallizes  in  bright,  shining,  qundrutic  prisms.  When  liented 
it  yields  cyanogen  and  mcrcary.  It  forms  acetyl  cyanide  with  acetyl  chloride  [ste 
prrotacemii:  acid). 

Silver  Cyanide,  AgCN,  combines  with  alkyl  iodides  to  yield  addition  products, 
which  pass  into  isonilrile  when  they  are  healed  (p,  2j6{, 

The  chief  use  of  potassium  cyanide  is  in  ihe  preparation  of  acid 
niiriles  of  various  kinds.  This  is  done  by  bringing  ii  into  double 
decompositions  with  alkylogens,  alkyl  sulphates,  and  halogen  subsiitu- 
n  products  of  the  fatty  acids.  In  many  instances  mercury  cyanide 
silver  cyanide  is  preferable,  e.g.,  in  the  formation  of  a-ketonie 
nitriUs  from  acid  chlorides  or  bromides.  It  is  interesting  to  note  that 
by  the  interaction  of  alkyl  iodides  and  silver  cyanide  isonitrile!  or 
earfiylamines  are  formed;  in  them  the  alcohol  radical  is  joined  to 
nitrogen.     (See  page  237  for  the  explanation.) 

mpound  Metallic  Cyanides. — The  cyanides  of  the  heavy  metals  insoluble  in 
dissolve  in  aqueous  potassium  cyanide,  forming  crystallizable  double  cyanides, 

which  are  soluble  in  water.     Most  of  these  compounds  behave  lil:e  double  salts. 

Acids  decompose  Ihem  in  the  cold,  with  disengagement  of  hydrocyanic  acid  and  the 

precipitation  of  the  insoluble  cyanides: 

AgCN +  KNO,  + CNH. 


I 


AgCN.KCN  +  HNO, 

In  others,  however,  the  metal  is  in  more  intimate  union  with  the 
cyanogen  group,  and  the  metals  in  these  cannot  be  detected  by  ihe 
usual  reagents.  Iron,  cobalt,  plaCinura,  also  chromitim  and  man- 
ganese in  their  it  stale,  form  cyanogen  derivatives  of  this  class.  The 
stronger  acids  do  not  eliminate  prussic  acid  from  them,  even  in  the 
old,  but  hydrogen  acids  are  set  free,  and  these  are  capable  of  pro- 

Iducing  salts: 
Fe(CN),K,  +  4HCI  =  Fe(CN),H,  +  4KCI. 
Pol»5>ium  Fetrocyanide       Hydroferrocyank  Acid. 


Pol»5>ium  Fetrocyanide 

Many  chemists  refer  these  coraple: 
r  polymeric  pnissic  acids : 

iiJb—M 

Di-tiyJrocyaiiic  Acid 


metallic 


H_C=N_ 


s  to  hypothetical. 


N=CfI-N 
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The  most  important  compound  meialiic  cyanides,  particularly /c/oj- 
sium  ferrocyaaide  o\  yellmu  prussiale  of  potash,  the  slartiiig-oiit  sub- 
stance for  the  preparation  of  cyanogen  derivatives,  have  already 
received  attention  in  inorganic  chemistry. 


Sodium     Nitroprusside,    Fe(CN),CNO)Na,  +  iH,0.— Hydro- 
litro-prussic  acid,  whose  constitution  has  not  yet  been  determined 
I  (B.  ag,  R.  409),  is  formed  when  nitric  acid  acts  upon  potassium  ferro- 
cyanidc.     The  filtrate  from  the  saltpetre,  neutralized  with  sodium  car- 
bonate, yields  the  salt  in  beautiful  red  rhombic  prisms,  readily  soluble 
\  in  water. 

It  serves  as  a  very  delicate  reagent  for  alkaline  sulphides  and  hy- 
L  drogen  sulphide,  which  give  with  it  an  intense  violet  coloration. 

^ormimiJe-ithrr,  formhydroxamic  acid,  formylihloridoximt,  JormamidiH€,  Ihia- 
f   formtlhylimiJi,  and    fnrmnmidniimt   are   intiioalely  relaterl    to   prussic  acid  and 
lonnDmide.    They  are  repmctitatives  or  gronpa  of  bodies  wbicb  appear  also  with 
I   acetic  acid  and  its  bomologues. 

O.C,Hj 
The  Jgrmimido-ttkfrs,  sucb  as  IIC-^  .   are  only  known  in  ibeir  soils. 


[   Theyai 


^  nblained  from  CNH,  alcohol  aod  HCl  (B.  iS,  354,  1644) ; 

-NH.HCl 
HC=N  +  C,H, .  OH  +  HCl  =  HC; 


^.C,H5. 

FormimiiliMilhyl  Elhet. 

CEIerj  or  orlhoformic  acid  (see  Ihii). 
[primary  and  secondary;. 

Thiofoniiethylimide,  HC/^  .boiling  at  135°  (14  mm.),  is  produced 

n  of  ethyl  isocyanidc,  in  alcoholic  solution,  wllh  hydrogen  tntphide.     It 
oil,  nilb  an  odor  like  that  of  sulphur  (A.  180,  297). 
NH, 
mamidine,  Methenytamidine,  HC~C  ,  is  only  known  in  its  salts.     Its 

chlorbydrale  is  obtained  (ll  by  the  action  of  ammonln  upon  forimmido-ahyl-ithtr 
tklorhydrale  (B.  iC,  375.  1647) ;  (j)  Trom  formimide  chloride,  the  addiiiou  product 
of  hydrochloric  acid  and  prussic  acid,  when  il  Is  digested  wlih  alcohol : 


I.   HCr  +  NH,  = 

^NH  .  HCl 
.0. 
a.  aHCC  -|-iC,H.OH  = 


HC/ 


+  C,H,a  +  HCO,C,H,. 


Formhydi 
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Acid,  HCr 


^OH 


la  produced  when  ecjiiimolcciilu  quan* 


I  titiei  of  formic  Citer  and  hydrotyl amine  are  allowed  to  stand  in  a  solution  of  abso- 
I  hile  ulcohol.  It  forms  brilliaat  leB.t1etE  having  a  greasy  feei.  It  dissolves  readily  in 
water  and  in  alcohol,  but  sparingly  in  ether.  It  met1&  at  74°.  A  violent  decom- 
position sets  in  above  this  temperature,  and  then  slowly  proceeds  at  the  ordinary 
lemperalnre.  The  icid  yields  an  iolepse  red  coloralioD  with  ferric  chloride.  It 
reduces  Fehling's  solution,  and  its  mercury  ssdt  in  dry  condition  explodes  when  it  is 
rubbed  (prirate  communication  from  G.  Schr6terj.  Compare  B,  25,  701,  for  the 
copper  salL 


Forniylchlondoxime,  HCr 


.OH 


a  beautifully  crystatliied,  very  decon 


posfthle  compound,  with  a  sharp,  penetrating  odot.  It  is  produced  when  fulminates 
(p.  3J7)  aie  treated,  in  the  cold,  with  concentrated  salpliuric  acid.  It  dissolves  in 
ether.  When  its  solution  is  wanned  whh  concentrated  Itydrochltiric  acid.  It  rupldly 
decomposes  into  formic  acid  and  hydroxylamine  hydrochloride : 

.N .  OH  ,0 

HCf  +  2H,0  =  H  .  Cf  I    NII.OH .  HCI. 

In  aqueous  solution  the  body  readily  reterls  to  fulminates.     Silver  nitrate  chanaes 
to  silver  fulminate  and  silver  chloride.     Aniline  converts  i 
(tee  this),  and  with  ammonia  il  yields  cyanisonilrosoacethytlro 
'      esoxalic  acid  (A,  a8o,  303). 


ic  acid,  a  derivative 


-NH, 

Forma midosime,   Mtlhtnytitmidijxime,   Iteurrline,   IIC<'  ,   meliing  at 

'^N(OHi 
114°,  is  isomeric  with  una,  CO(NH,),.     It  forms  upon  the  evaporation  of  an  alco- 
holic solution  of  bydroxylamine  and  hydrogen  cyanide  (Lo&sea  and  Scbiflerdecker, 
\.  166,  295;  aSo,  320). 

^N^N.CjH, 
Formaiyl  Hydride,  HC<  ,  melting  at   iig^-iity,  is  obtained 

■*^N_NfI.C,Hj 
1  from  formMylcarlhinic  acid  (sec  oialic  acid  detivalives). 
Derivatives  of  Oriboformic  Acid  (p.  224I. 

Orthoformic  Eaters  are  formeil  ( i )  when  iklereform  Is  heated  with  sodium  alco- 
\  bolaies  in  alcoholic  solution  (Williamson  and  Kay,  A.  ga,  346] : 


CHCI,  +  3CH, .  ONa  =  CH(0 .  CH,), 


-  jNoCI; 


-NH.ua  ..^(OCH,), 

H^  +iCH,.OH  =  CHf 

^O.C,H,  ^O.C,H( 


They  are  converted  by  alcoholic  alkali  i 
Lcid  into  acetic  esters  and  ordinary  formic 
ketones  and  aldehydes  into  ortbo-elbers, 
•ceial,  CH, .  CH(0 .  C,Hj),  (p.  aoo),     At  the 
formic  ether  (B.  ig,  1007).     Unhoformr 


K 


and  aided  by  beat,  combines  with  acety  luce  lone,  ai 

lo  yield  cthoxymethenyl  derivatives  (B.  a6,  2729}, 

Onboformic  Methyl  Ester,  CH(0.  CH,),,  bo 


ilkali  formates,  and  by  glacial  acetic 

s.     Ortboformlc  ester  is  changed  by 

f.,(CH,),C(O.C,Hi),    (p.  224),  and 

-  — ne  time  it  passes  also  into  oidinarv 

in  the  presenc 


-r  and  malonic  ester 
Orthoformic  Ethyl 
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Ester,  ('IIi().C',n4)a.  IhmIs  at   140®.     Orthoformic  Allyl  Ester,  CH(OC3H5)3, 
l)oiIsat  i()0''-^05^(It.  la,  115). 

('hloM)liii-m  aiul  siHiuim  inercaptides  unite  to  orthoformic  esters  (B.  zo,  1S5). 

Chloroform,  IVichlormothane,  CHCl,,  is  obtained :  (i)  By  the 
chloiiiK\iion  vH'  V\\^  or  C'HjCM  ;  (2)  by  the  action  of  chloride  of  lime 
uju>n  ilillVuMU  ra!lH>n  romiHninds — f.  g.^  ethyl  alcohol,  acetone,  etc. ; 
( ;)  b\  hiMiini*  « V/,>/i7/  (^p.  197")  and  other  aliphatic  bodies  having  a 
1 1"  I  n  u  1 1  a  1  I '  I '  I ,  ^  I  vM  1  p — r,  X-.  trichloraiftic  ad  J  and  trichiorphenomalic 
i;,7./\mv  ihis'i     with  ;upic\ms  potassium  or  sodium  hydroxide: 

i\l,,illO   .   KOI  I  —  Cn,H  ^  CHKO,. 

I'h'.oiAl  Potassium 

Foimate. 

i  hUM\M«>nu  1%  p)C|VAitsI  tcchniOAlly  by  trratinj;  alcohol  and  acetone  with  bleaching 
luiv  1  h«*  1  \tici  A\-i%  IssU  A^  41)  o\uU.in);:  and  chlorinating  sulKtance.  The  result- 
»nn  *  I  ',  \  Uv  *  sM  V  M, .  v\^  i\",ji  i>  dcw^mivxd  by  slaked  lime  (Mechanism  of  the 
K%-.;xi^«p  .  -n,  Nx*.  II  A^«  \Ol  .Vu".>  V  l\irif  chloiot'orm  can  be  obtained  bv  decom- 
^N«-»;  jMiSx'  **r.x»iA  %»»th  vMu-^iK'  jx>:a>h  or.  ACvxNrdirg  to  K.  Pictet.  by  freezing  out 
*»>'';.»■*  *»j  »:\\M\»'»';m  An»i  ihon  jvAx  "j:  ih:>  itnj'ure  sub^^tance  in  a  centrifugal 
m  k« : •  t . s^  I \  U%  u '  >  rx.  1 V  s  ^  * xv\*\>» r.*.  ir* ;: !  :>  ;  -  ;  r<  cecv^oc pv^silion  of  salicyliJe'chlcro- 
•.  ^  \-xx  ■,.;.,  \    a'ji.  *^;- 

*     \   *\*:\'  .vv.»  wiAx,-  '<\''*?'rrvl  '■»  iS:t  by  l.rebig  ard  by  5HMxbeiran.      It 
>*  *x  .  ...  .    .  '  i>;\  /*  ■.   P    "t<^  .'ro^ov.;  kNmn*".,:^;*?  v  iha:  ::  conMined  hydrogen.      In 


\    ■ 


*   X  .1  xv'v^'v^-^  *  0-:  V-  v'"'  jir  a.:Txvu':  !e  ethereal  odor  and 

.:  JL"/.  r.'?':s  ai  — 6r°  (^B.  a6. 


111%        •^^  %»* 

«  ■     X        X    . 


X    ;.     *  .^i  x'\   A'vi     :>  >.<x  ^x'   ^•jL*.::y  a;    15"    equals 
X  ;  •  ,  \xV  ,    .  v^^'xv  -;   :.•  *.v  ■  i  i  .:  :v-ir>  ciher  organic 


K  , 


XX 


,    XX 


\»      .X 


.  \ 


'^  I', 


*»     *     X  X   ■  ^^    A 

^  *>      v\x     ,^    *    * 


k%   «- « 


«..^.  •.'•"iir  .y  cry  St  a  i. I' 

..  -.-  ..^  vi;>:r^  causes 
•  .=:~,r-:'-i:-o  t5ec:.  Ii  is 
."  V  >• . :  :;:C  :hrc -j^h  tubes 

'     ,' T.*  >  ,~ \:  i  rexi  in  sun- 

". "  ^        V.  "r:r.'  c  acid  also 

-  .   ::*  ;i<;  ^h.>j^ne  add 


X      "n    *     ■ 
'  1     X       X"  X 


,'     •     .TT    >  ^-*^*i    ^TL.i    alcoHolic 


«  « 
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(G)  henilTilts  (p.  Ij6),  having  cilreinelydi.'gusling  odors,  nre  formed  when  chloro- 
brni  is  heilcd  with  primnry  bases  and  cauaiic  [)otiist>,     1  hLs  reiciion  serves  Imili  (or 
L  Qie  deteclion  of  chlorofunn  and  also  of  the  prinmry  amines. 

(7)  Chloroform  yields  on  additive  product  with  acetone — ^^p.,n-oiyisobulyricacid. 
(81  II  is  transposed  by  sodium  acetoacelie  ester  imo  m-oxyuviiic  acid  (see  iliis). 
\a)  Aromatic  oxyaldelij'des  (see  these)  are  produced  when  cblutoforni  is  digested 
Hiin  plienols  and  caustic  soda. 

Broraoform.CHBr,,  melts  at  -f-y.S",  boils  at  151°,  has  asp.gr.  of 
'  a. 9  (at  15°),  and  is  produced  by  the  action  of  bromine  and  KOH  or 
lime  (Lowig,  1832)  upon  alcohol  or  acetone;  also  from  tribrompyro- 
racemic  acid. 

Iodoform,  CHI,,  melting  at  \zo°,  was  discovered  in  1S32  by 
SeruUas,  Dumas,  in  1834,  proved  that  it  contained  hydrogen,  and 
in  1880  it  was  applied  by  Mosetig  Moorhof  in  Vienna  as  a  healing 
agent.  This  compound  results  when  iodine  and  piotash  act  ugxin  ethyl 
alcohol,  or  acetone,  aldehyde  and  other  substances  containing  the 
methyl  group.  Pure  methyl  alcohol,  however,  does  not  yield  iodo- 
form (B.  13,  looi). 

Tlie  formation  of  fri'-ii'i/oi7/(/M_j'^tf  and /W-iWoflff/i'n."  precedes  the  pro- 
duction of  the  iodoform.  These  substances  naturally  would  be  very 
unstable.  When  tri-iodoacetic  acid  is  warmed  with  acetic  acid,  or 
r  when  it  is  treated  with  alkali  carbonates,  it  breaks  down  into  iodoform 
I  and  carbon  dioxide. 

Iodoform  crystalli/.es  in  brilliant,  yellow  leaflets,  soluble  in  alcohol 
and  ether.  They  are  insoluble  in  water.  Its  odor  is  safTron-Iike.  It 
evaporates  at  medium  temperatures  and  distils  over  with  aqueous  vapor. 
Digested  with  alcoholic  KOH,  HI,  or  potassium  arsenite,  it  passes 
into  methylene  iodide.  CHJ,  (P-  »°0- 

FluoTChloroform,  CHCI.F,  boils  at  14.5"  ;  FluorchlorbraiDofoin),  CHClFBr. 
boils  at  38"  (B.  a6,  R.  781). 

Nilrororm,  TrinUromt/Aaiie,  CIIfNO,),,  is  an  acid.  Its  nmmoniqm  lalt  is 
produced  when  IrimlreaeilamlriU  n  brooghl  in  contact  with  water,  wliea  violent 
eiploaons  frequenlty  occur.     The  conditions  are  unknown  (B.  7,  1744)! 

•■  iH.O  -CO, 

C(N'0,y:N -S-  C-(NO,),COON!I,  — — - — J-  C(NO,),H. 

It  is  a  Ihick,  colotlesi  oil,  solidifying  below  15°,  and  explodiog  with  TJolence 
when  rapidly  heated. 

Formyl-triBulphornic  Acid.  Methine  Trisul phonic  Acid,  CH(SO,H]„  is  pro- 
duced by  the  action  of  sodium  sulphite  upon  tAlmf-icn'n,  CCi,(NO,]  (see  this),  and 
when  fuming  sulphuric  add  acts  upon  calcium  mithyl-sulphonale  (p.  204).  The  acid 
b  very  stable,  even  in  the  presence  of  bailing  alkalies. 

In  this  connection  may  be  mentioned  also  diirvmnilromtlhnne  (p,  157I,  nilro- 
mflhant  t/imtpioHic  aetd  (A.  161,  161),  and  exymtthant  disnipkeme  adti.  CH(OH) 
{SO,H),  (B.  6.  toji);  JichlBTittilkaat  monosulphoHic  acid,  dicMo, milkyl  ahahel. 
known  as  acetic  esters. 

Af'^endix. — Carbon  Monoxide,  Isonitriles  or  Carbylamines, 
and  Fulminic  Acid. 

Carbon  Monoxide,  CO,  a  colorless,  combustible  gas,  the  product 


I 
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of  the  incomplete  combustion  of  carbon,  has  already  been  disci 
in  the  inorganic  part  of  this  boolc.  The  methods  for  its  productioi 
and  its  traiisrormaiions,  which  are  of  importance  in  organic  chem- 
istry, will  again  be  briefly  reviewed.  Carbon  monoxide  is  obEainet' 
(1)  from  formic  acid,  (a)  from  oxalic  acid  and  other  acids,  like  lacdi 
and  citric,  by  the  action  of  sulphuric  acid.  It  is  also  made  (3)  from 
prnssic  acid,  if,  in  preparing  the  latter  from  potassium  ferrocyanide, 
K,I*e(CN),.  3H,0,  concentrated  sulphuric  acid  be  substituted  for  the 
more  dilute  acid,  and  in  this  manner  the  prussic  acid  be  changed  to 
formamide,  and  the  latter  immediately  breaks  down  into  ammonia 
and  carbon  monoxide.  Formamide  yields  carbon  monoxide  upon  the 
application  of  heat. 

Behavior. — (i)  Carbon  monoxide  and  hydrogen  exposed  to  the  influ- 
ence of  electric  discharges  yield  methane  (^.  80),  Being  an  unsaturated 
compound,  carbon  monoxide  unites  (2)  with  oxygen,  forming  carbon 
dioxide;  (3)  with  sulphur,  yielding  carbon  exysulphide :  and  (4)  with 
chlorine,  to  form  carbon  oxychhride  or  phosgene.  It  is  rather  re- 
markable that  it  also  combines  directly  with  certain  metals.  (5)  WicI 
potassium  it  forms  potassium  carbon  monoxide  or  potassium  hexoxyben- 
seneisee  this),  C.O.K, ;  (6)  with  nickel  it  y\Ms nicieicarbony/,  CC6),NI 
(Mond,  Quincke,  and  Langer,  B.  43,  R.  6a8).  It  forms  alkali  formate 
with  ihe  alkaline  hydroxides  (p.  aas),  and  with  (7)  sodium  mcthylati 
and  sodium  eihylate  it  yields  sodium  acetate  and  propionate. 

Carbon  Monosulphide,  CS,  is  not  yet  known  (B.  28,  R.^  388).' 
Isonitriles,  Isocyanides,  or  Carbylamines  are  isomeric  with  Ihe 
a/iyi  cyanides  or  the  acid  nitriles,  but  are  distinguished  from  these  in 
that  they  have  their  alkyl  group  joined  to  nitrogen.  The  isonitriles 
were  flrst  prepared  in  1866  by  Gauticr  (A.  151,  239).  He  employed 
two  methods.  The  first  consisted  in  allowing  alkyl  iodides  (i  mol." 
to  act  upon  silver  cyanide  (p.  83?)  (a  mols.),  while  in  the  secom 
method  the  addition  products  of  silver  cyanide  and  the  alkyl  isonitrih 
were  decomposed  by  distillation  with  potassium  cyanide: 


ith 


Shortly  after  A.  W.  Hofmann  (A.  146,  107)  found  that  isonitrilei 
were  produced  by  digesting  chloroform  and  primary  amines  ffitU 
alcoholic  potash : 

a.  CilI^NH,  +  HCa,  +  3KOH  =  CjHjNC  -j-  3KCI  +  3H,0. 

3.  The  isonitriles  are  produced,  too,  as  by-products,  in  the  prepara-l 
tion  of  the  nitriles  from  alkyl  iodides  or  sulphates  and  potassitunfl 
cyanide  (p.  a66). 

/Vi);W''AVj.^The  CMhylaiDines  are  colorless  liquids  which  can  he  distilled,        _ 
possess  >n  cicecdingly  disgnsling  ixlar.     Tbe/  ore  sparingly  toluble  in  water,  butj 
readily  soluble  in  alcohol  and  ether.  ■ 

TramfwilioHl. — (l)  The  isocynnidea  are  choraclerized  by  their  ready  dccompo-J 
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es.    Tbis  r 


lilion  by  dilute  Mids  into  fermit  add  and  primaij  ai 

readily  by  the  sctiim  of  dilute  acids,  or  by  beating  niui  water  lo  ii 

C,H(.  NC  +  aH,0  =  C,H, .  NH,  +  CH,0,. 

Nitriles,  on  the  olhei  hand,  by  the  abtorption  of  water,  pass  ioto  Lbe  i 
salts  of  carboxylic  acids : 

CjUjCN  +  2H,0  =  CiHsCOONH,. 

It  is,  tberefore,  concluded  (bat  in  the  nitriles  the  alkyl  group  is 
carbon,  while  in  the  isnnitriles  it  U  linked  lo  nitrogea.     Three  formulas  h. 
suggested  for  the  isonitriles: 


I.  C,H,N=C 


II.  C,H.N= 


111.  C,HjN=C. 


Nef,  wlio  Las  studied  several  aromatic  isonitriles  exhaustively,  gives  fomiDla  I 
the  preference  (A.  370,  267).  (a)  The  fatty  acids  convert  isonitriles  into  alkylized 
fniiy  bjc id  amides.  (3)  The  isonitriles,  like  prussic  acid  (p.  3iS),  fona  crystalline 
derivatives  with  HCI ;  probably  these  are  the  bydrochiorides  of  slkyl  Ibnniaiide 
chlorides,  aCH,.  NC .  3HCI  =  [CH,N  =  CHCij.HCI,  wlikb  water  decomposes 
into  formic  acid  and  amine  bases.  (4)  Mercuric  oiide  changes  the  isonitriles  inl 
isocysnic  ethers,  C,HgN  ^=  CO,  with  the  separation  of  mercury,  just  as  CO,  by  si 
sorption  of  oxygen,  becomes  CU^ 

Methyl  iBocyanide,  Methyl  Carbylamine,  /sBaeriomrrile,  CH,NC,  boils  at  59' 
Elhyl  Isocyanide,  Ethyl  Cartylamine,  C,HjNC,  boiling  nt  79°,  when  heated  >t 
from  230°  to  250°,  rearranges  itself  to  propionitiile.  It  combines  with  chlorine  to 
yield  ethyl isocyan- chloride  or  clbylimidocarbonyl  chloride,  u  derivative  of  carbonic 
acidi  with  H,S  it  forms  thioformelh;/limide(p,  232),  and  with  chloracelyl  it  produces 
etbylimidopyruvyl  chloride,  a  derivative  of  pyroracemic  acid  (A.  380,  391  ] 

Fulminic  Acid,  Carhyhxintt,  C  =  N .  OH,  is,  according  to  Nef 
(A.  280,  303;  B.  ay,  2817),  the  oxime  corresponding  to  carbon 
monoxide,  and  possesses  the  properties  and  characteristics  of  a  strong 
acid.  The  fulminates  have  the  same  percentage  composition  as  the 
salts  of  cyanic  acid  ;  one  of  the  first  examples  of  isomeric  compounds 
(Liebig,  1823).  Free  fulminic  acid  is  btit  slightly  known.  Its  odor 
is  very  similar  to  that  of  prussic  acid,  and  the  acid  itself  is  not  any 
less  poisonous  than  that  acid.  The  acid  is  formed  when  the  fulminates 
are  decomposed  by  strong  acids.  It  combines  quite  readily  with  the 
latter, — e.g.,  it  yields  forraylchJoridoxitoe  with  hydrochloric  acid 
(p.  133),— but  this  new  body  breaks  down  veryeasiiywith  the  formation 
of  fulminic  acid.  The  deportment  of  the  fulminates  toward  hydro- 
chloric acid  affords  sotiie  insight  into  the  constitution  of  fulminic  acid 
itself.  First,  hydrochloric  acid  simply  adds  itself  and  salts  of  formyl- 
chloridoximc  arise,  from  which,  by  the  absorption  of  water,  formic 
acid  and  hydroxytamine  are  formed : 

,N .  OAg 
Cr-NOAg  -i-  HCI    =  HC^ 


I 


=  H.CO,H  +  NH,.OH.HCI. 
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Mercury  fulminate  is  the  most  important  of  the  salts.     It  is  applied, 
ftlechnically,  as  filling  material  in  gun-cajis. 

m  Mercury  Fulminate,  (C  =  N.O),Hg  +  >^H,0  (B.  18,  R. 
■  148),  is  formed  (l^  by  heating  a  mixture  of  alcohol,  nitric  acid,  and 
nnercuric  niiraic  (B.  9,  787  ;  19,  993,  1370J ;  (2)  upon  adding  a  solu- 
**'~U  of  sodium  nitromcthanc  to  a  soltitioo  of  mercuric  chloride  : 


aCH,=N< 


^ONr 


+  HgCI,  =  (C=N ,  0),Hg  -t-  iH,0  +  zNaCl. 


^Lcci, 

Bjsoci 

^H   Si, 


There  is  always  produced  at  the  same  time  a  yellow  basic  salt, 
'(Hg<Q>C=:^  NO  ),Hg,  which  is  the  sole  product  in  pouring  a 
solution  of  mercuric  chloride  into  3  solution  of  sodium  ni trome thane. 

Fulminating  mercury  crystallizes  in  shining,  white  needles,  which 
are  tolerably  soluble  in  hot  water.  It  explodes  violently  on  percussion 
and  also  when  acted  upon  by  concentrated  sulphuric  acid.  Con- 
centrated hydrochloric  acid  evolves  CO,,  and  yields  hydroxylamine 
hydrochloride  and  formic  acid,  a  procedure  well  adapted  for  the' 
preparation  of  hydroxylamine  (B.  19,993).  Chlorine  gas  decomposes 
merciiry  fulminate  into  mercuric  chloride,  cyanogen  chloride,  and 
i.CCl, .  NO,.  Ammonia  converts  it  into  urea  and  guanidine  (see  acetyl 
yanate). 

r  fulminatt,  C  ;=  NOAg,  is  prepared  sfler  Ibe  amniier  of  the  mercury  utt, 
»en  more  explosive  than  ihe  tatter.  Potnssium  chloride  preciiiitalet  from  hot 
I  of  silrcr  fulmintle  one  atom  of  tilver  as  chloride  and  the  double  salt, 
KC^AgKN,0,.  crystallizcB  from  ibe  solution.  Nitric  acid  preci|iitates  from  this  salt 
^  adJ  lih'tr  fitimiHale,  C,AgHN,0,.  a  while,  insoluble  precipiuie.  On  boiling  mer- 
cury' rulminate  iritb  water  and  copper  or  line,  metallic  mercary  Is  precipitated  and 
copper  and  line  fulminates  (C,CuN,0,  and  C,ZnN,a)  are  produced. 
Sodium  amalgam  changes  il  (0  sodium  fulminate,  C  ^  NONn. 
In  the  formation  of  sails  and  double  salts  fulminic  add  conducts  ilself  much  lllie 

Ibrdrocynuic  acid.  This  is  readily  undeislood  if  prussic  acid  lie  regjrded  as  hydrogen 
iiMfanide,  C  =  NH.  Sodium  ferrocynnide  corresponds  lo  soiliutn  /ermfHlmiKalt, 
(C  =^ NU),FcNa,  -j-  lgH,0,  which  is  prodnced  by  bringing  together  a  solution  of 
■odium  fuUninate  and  ferrous  sulphate  (A.  aSo,  335).  Tl  consists  of  yellow  needles. 
DibroiniiiUo«cetonitrileor/)(»romi^/w*,OTf/«-ox<./^^|^=^--9or9IJ''"^^(?), 
UKl 


^  sodium  fuUninate  and  ferrous  sulphate  (A.  aSo,  335  ]■ 

DibromnitioacetDiiitrile  orDiiroiHghaximrf^exme,      .  .  01 

UKUing  at  yfl,  is  produced  when  bromine  acts  upon  mercury  fulminate.     Tills  body, 
when  heated  with  hydrochloric  acid,  passes  into  BrH,  NHj.  NH,OH  and  »j-aAV 
^J,     Aniline  probably  converts  the  dibromide  into  the  dioxime  of  the  oianilide, 
C,HjNHC=NOH 
C,Hi\HC_NOH 

OH 
!iU.  as, 0,H,  =  CN .  CH(NO,)C-^       -  >» 

■  derivative  of  tartronic  acid.  Its  alkali  sails  are  obtained  by  boiling  mercuric  ful- 
minate with  potassium  chloride  or  ammonium  chloride  and  water.  The  sodium  sail 
is  converted  hy  a  mixture  of  sulphuric  and  njiric  acids,  into  tiinilroacetonitrile.  To 
obtain  the  free  acid,  decompose  the  lead  salt  with  hydrogen  sulphide.  Il  deflagrates 
■t  145°.  Especially  characteristic  is  the  Cuprammanium  tall,  C,N,0,H,lCuNH,). 
Il  coiisisls  of  glialening  dark-blae  prisms.     (Compare  Cyanuric  acid.) 
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Ethjl  iodide  converU  Ihe  silver  sail  at  So°-90°  Lata  ibe  Ethyl  Ester,  C^I?,N,0,. 
I  (OCfHjKmelling  st  IJJ^  which  is  changed  into  DeBoxj^ulmlnunc  Acid,  CyaniMi> 
|liilraso-acelBmide,  >  mcHixtl'C  ncid  deri'Stive.  C,N,H,0,  =CN.C  =  N[OH).  C- 
■  <(Oil)^NH,  melting  at  184°  (A.  180,  331),  when  boiled  with  wuer  and  alcohol. 


ACETIC  ACID  AND  ITS  HOMOLOOUES.  THE  FATTY  ACIDS,  CnHm+i .  CO,H. 

We  can  regard  and  also  designate  all  the  honiologues  of  acetic  acid 

I  as  mono-,  di-,  and  Iri-aikylized  acetic  acids.     Names  are  then  obtained 

rwhich  as  clearly  express  the  constitution  of  the  acids  as  the  cardinal 

I  names  show  the  constitution  of  the  alcohols  (p.  i  \o). 

I       The  acids  of  this  series  are  known  as  /atty  acids,  because  iheir 

higher  members  occur  in  the  natural  fats.     The  latter  are  ester-Hke 

compounds  of  the  fatty  acids,  and  are  chiefly  esters  of  the  trihydric 

glycerol.     On  boiling  them  with  caustic  potash  or  soda,  alkali  sails 

(soaps)  of  the  fatty  acids  are  formed,  and  from  these  the  mineral  acids 

I  release  the  fatty  acids.     Hence,  the  process  of  convening  a  compound 

Lester  into  an  acid  and  an  alcohol  has  been  termed  sapomficaliott,  and 

I'this  term  has  been  applied  to  the  conversion  of  other  derivatives  of 

*  Ihe  acids  into  the  acids  themselves — e.g.,  the  conversion  of  nitriles  into 

the  corresponding  acids, 

The  lower  acids  (with  exception  of  the  first  members)  are  oils;  the 
higher,  commencing  with  caprie  acid,  are  solids  at  ordinary  tempera- 
tures. The  first  can  be  distilled  without  decomposition;  the  latter 
iare  partially  decomposed,  and  can  only  be  distilled  without  alteration 
in  vacuo.  All  of  them  are  readily  volatilized  with  steam.  Acids  of 
Hke  structure  show  an  increase  in  their  boiling  temperatures  of  about 
19"  for  every  -|-  CH,.  It  may  be  remarked,  in  reference  to  the  melt- 
ing points,  that  these  are  higher  in  acids  of  normal  structure,  con- 
taining an  even  number  of  carbon  atoms,  than  in  the  case  of  those 
having  an  odd  number  of  carbon  atoms  (see  above).  The  dibasic 
acids  exhibit  the  same  characteristic.  As  the  oxygen  content  dimin- 
ishes, the  specific  gravities  of  the  acids  grow  successively  less,  and  the 
acids  themselves  at  the  same  time  approach  the  hydrocarbons.  The 
lower  members  are  readily  soluble  in  water.  The  solubility  in  the 
latter  regularly  diminishes  with  increasing  molecular  weight.  All  are 
easily  soluble  in  alcohol,  and  especially  so  in  ether.  Their  solutions 
redden  blue  litmus.     Their  acidity  diminishes  with  increasing  molec- 

Iular  weight;  this  is  very  forcibly  expressed  by  the  diminution  of  the 
heat  of  neutralization  and  the  initial  velocity  in  the  etherification  of 
the  acids. 
The  most  important,  general  methods  of  obtaining  the  monobasic 
*-(■ 
CH, 


h 
tl 

If; 
o 


(1)  Oxidation  of  the  primary  alcohols  and  aldehydes : 
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In  the  case  of  normal  primary  alcohols  with  high  molecular  weight  the  conversio 
into  the  corresponding  acids  is  effected  by  means  of  heat : 

CjHjjCH.OH  +  NaOH  =  C,5H„  .  CO,Na  -f  2H,. 
Cetyl  Alcohol  Sodium  Palmitate. 

(2)  By  the  addition  of  hydrogen  to  the  unsaturated  monocarboxylic  acids : 

CH,=CH  .  CO,H  -\-2U  =  CH, .  CH, .  CO,H. 
Acrylic  Acid  Propionic  Acid. 

(3)  By  the  reduction  of  oxy- acids  at  elevated  temperatures  by  means  of  hydriodi 
acid: 

CH,.  CH(OH)CO,H  +  2HI  =  CH, .  CH, .  CO,H  +  H,0  +  I,. 

Or,  halogen  substituted  acids  may  be  reduced  by  means  of  sodium  amalgam. 

Many  nucleus-synthetic  methods  are  known  for  the  formation  oj 
derivatives  of  the  acids,  which  can  easily  be  changed  to  the  latter 
These  methods  are  important  in  the  building-up  of  the  acids. 

(4)  Synthesis  of  the  Acid  Nitrites. — The  alkyl  cyanides,  called  als< 
the  fatty  acid  nitriles,  are  produced  by  the  interaction  of  potassiun 
cyanide  and  alkylogens  or  the  alkali  salts  of  the  alkyl  sulphuric  acids 
When  the  alkyl  cyanides  or  fatty  acid  nitriles  are  heated  with  alkalie 
or  dilute  mineral  acids  the  cyanogen  group  is  transformed  into  th^ 
carboxyl  group,  while  the  nitrogen  is  changed  to  ammonia.  In  thii 
manner  formic  acid  is  produced  from  prussic  acid  (p.  225) : 

CH, .  ON  +  2H,0  -f  HO     =  CH, .  CO,H  +  NH^Cl 
CH,  .  CN  -f  H,0   -h  KOH  =  CH, .  CO,K  -|-  Nil,. 

This  method  makes  the  synthesis  of  acids  from  alcohols  possible. 

The  change  of  the  nitriles  to  acids  is,  in  many  instances,  most  advantageously 
executed  by  digesting  the  former  with  sulphuric  acid  (diluted  with  an  equal  volume  oJ 
water) ;  the  fatty  acid  will  then  appear  as  an  oil  upon  the  top  of  the  solution  (B.  10,  262) 

To  convert  the  nitriles  directly  into  esters  of  the  acids,  dissolve  them  in  alcohol  anc 
conduct  HCl  into  this  solution,  or  warm  the  same  with  sulphuric  acid  (B.  g,  1590). 

(5)  Action  of  carbon  monoxide  upon  the  sodium  alcoholates  heated  to  l6o°~20o^ 
This  reaction  only  proceeds  smoothlyand  easily  with  sodium  methylate  and  ethylat< 
(A.  202,  294): 

CjHj .  ONa  -f  CO  =  CjHs  .  CO,Na. 
Sodium  Ethylate  Sodium  Propionate. 

Similarly,  carbon  monoxide  and  sodium  hydroxide  yield  formic  acid  (p.  225). 

(6)  By  the  action  of  carbon  dioxide  upon  sodium  alkyls  (A.  iii,  254).  Thii 
reaction  is  only  applicable  with  sodium  methideand  sodium  ethide  (p.  184).  It  may 
be  compared  with  that  in  which  formic  acid  is  produced  by  the  action  of  moist  carbon 
dioxide  upon  potassium  (potassium  hydride) : 

CjHs .  Na  +  CO,  =  C,H5 .  CO^Na. 

(7)  By  the  action  of  phosgene  gas,  COCl,,  upon  the  zinc  alkyls.  At  first  acid 
chlorides  are  formed,  but  they  subsequently  yield  acids  with  water : 

Zn(CH,),  -f  2COCI,  =  2CH,  .  COCl  -f-  ZnCl,,  and 

Acetyl  Chloride 
CH, .  CO  .  CI  -f  HjO  =  CH,  .  CO .  OH  +  HCl. 

Acetic  Acid. 

(8)  Electrosyntheses  of  the  esters  of  monocarboxylic  acids  occur  upon  electrolyzing 
mixtures  of  the  salts  of  fatty  acids  and  the  mono-esters  of  dicarboxylic  acids.     Butjrric 
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.ample,  is  obtained  from  polassium  acelale  and  potassium  ethyl  succ  in  sic 
')•■ 

CH,|CO,jK  +  HOH  _  c1v+^,        KOH         H 

chJcoJk     HOH  "  in,     CO,  "*"  koh  "*"  li  ■ 

CH,.  CO,C,H,  iH^O,.C,II, 

The  following  methods  of  formalion  arc  based  upon  the  breaking- 
down  of  long  carbon  chains: 

(9)  The  decomposition  of  ketones  by  oxitjation  with  potassium  per- 
manganate and  sulphuric  acid  [p.  211): 


CH,[CH,]„.CO.CH, 


(10)  Decomposition  of   unsaturated 

potash : 


CH,f  CH,].,CO,H  +  CH, ,  CO,H 
Fenudecylic  Acid  Acetic  Add. 

ds  by  fusion  with    ca.i 


(11)  Deeompasition  of  acetoaeetic  ester,  as  well  as  mono-  and  dial- 
kylic  acctoacelic  esters,  by  concentrated  caustic  potash  : 

CH,.CO.CH,.C0,C,H,-|-2K0H=CH,.CO,K  f  CH,.CO,K    +  C.H.OH 

AcelDDcellc  Eslec 
CH, .  CO  .CH(R)C0,C,H,  +  2KOH  =  CH, .  CO,K  +  CH,(R  |CO,K  +  C,Hi ,  OH 
CH, .  CO,  C(R),CO,C,Hi  +  2KOH  =  CH,.  CO,K  +  CH(R),CO,K  +  C,Hj .  OH. 

(la)  Decomposition  of  ketoxime  carbexylie  acids,  after  their  rear- 
rangement into  acid  amides.  This  reaction  is  valuable  in  determining 
the  conslilution  of  the  olefine  carboxylic  acids,  from  which  the 
ketoxime  carboxylic  acids  can  be  prepared.  (Comjiare  oleic  acid, 
p.   285.) 

(i.i)  Decomposition  of  dicarboxylic  adds,  in  which  the  two  carboxyl 
groups  are  in  union  with  the  same  carbon  atom.  On  the  application 
of  heat,  these  sustain  a  loss  of  carbon  dioxide : 


-->-  CH, .  CO,H  -i-  CO, 


c(k),<^S:h- 


—¥■  CH,RC0,H  -f-  CO, 
~>  CH(R),C0,H  +  CO,, 


The  acids  produced  by  the  last  two  methods  can  he  regarded  as  directly  derived 

[  from  acetic  acid,  CH, .  COOH,  in  which  i  and  iW  atoms  of  the  cn,-g<oup  arc 

replaced  by  alkyls ;  beoce  the  designations  methyl-  and  dimilAyl-acitic  aciJ,  etc, : 

CH,.  CH,  CH, .  C;H,  CH(CH,), 

(io.OH  (^O.OH  C^O.OH 

Metliyl  Acelk  Acid  or  Elbvl  Acetic  Acid  or         Dlnetli)  I  Acciic  Acid  or 

Propionic  Acid  Bmyiic  Ac^d  IsabuijTic  Acid, 
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To  fully  comprehend  the  importance  of  the  last  two  methods  of 
formation  the  following  facts  may  be  anticipated  : 

Acetic  ether  is  the  starting-out  material  for  the  obtainmentof  aceto- 
acetic  ester,  and  chloracetic  ester  for  that  of  malonic  ester.  Aceto- 
acetic  ester^  CH| .  CO  .  CH, .  CO  .  O .  C1H5,  and  malonic  ester^  CH,- 
(CO .  O .  CjHft),,  contain  a  CH,-group,  in  combination  with  two 
CO-groups.  One  hydrogen  atom  in  a  CH,-group  thus  situated 
may  be  replaced  by  sodium,  and  the  latter,  through  the  agency  of  an 
alkyl  iodide,  by  an  alkyl  group.  In  this  manner  monoalkylacetoacftic 
esters y  CH, .  CO .  CHR  .  CO  .  OC1H5,  and  monoalkyltnalonic  esters^ 
CHR(C00CaH5)„  are  obtained.  And  in  these  monoalkylic  deriva- 
tives again  the  second  hydrogen  atom  of  the  CH,  group  may  be 
substituted  by  sodium,  and  this,  in  turn,  through  the  action  of  an 
alkylogen,  may  be  replaced  by  a  similar  or  a  different  alcohol  radical : 
the  products  are  then  dialkylacetoacetic  esters^  CH, .  CO .  C(R),COO- 
CjHj,  and  dialkylmalonic  esters^  C(R)a(COOC,H5),.  The  ease  with 
which  all  of  the  reactions  involved  in  the  formation  of  the  alkyl- 
malonic  and  acetoacetic  esters  are  carried  out  render  these  bodies  very 
convenient  material  for  the  production  of  a  nucleus  synthesis  of  mono- 
and  dialkylic  acetic  acids.  The  breaking-down  of  malonic  acid  and 
the  alkylmalonic  acids  possesses  this  advantage,  that  it  proceeds  in 
one  direction  only,  whereas  the  alkylic  acetoacetic  esters  sustain  a 
ketone  decomposition  simultaneously  with  the  acid  decomposition ^  with 
the  separation  of  the  carboxyl  group  (p.  209). 

Isomerism. — Every  monocarboxylic  acid  corresponds  to  a  primary 
alcohol.  Hence  the  number  of  isomeric  monocarboxylic  acids  of 
definite  carbon  content  is,  as  in  the  instance  of  the  aldehydes,  equal 
to  that  of  tne  possible  primary  alcohols  (p.  iii),  possessing  a  like 
quantity  of  carbon.  The  isomerism  is  dependent  upon  the  isomerisms 
of  the  hydrocarbon  radicals  in  union  with  the  carboxyl  group. 

There  are  no  possible  isomerides  of  the  first  three  members  of  the 
series  CnH^nO, : 

HCO,H  CH, .  CO,H  CjHj .  CO,H 

Formic  Acid  Acetic  Acid  Propionic  Acid. 


Two  structural  cases  are  possible  for  the  fourth  member,  C4Hj,0, : 

rj.CHj.CII^.CO.H  and  (CH,),. 
opyl  Carboxyl ic  Acid  Isopropvl  C 


CHj.CHj.CH^.CO.H  and  (CH,), .  CH  .  CO,H 
Propyl  Carboxyhc  Acid  Isopropyl  Carboxylic  Acid. 

Butyric  Acid  Isobutyric  Acid. 


Four  isomerides  are  possible  with  the  fifth  member,  CsHioO,  = 
C4H9.  CO^H,  inasmuch  as  there  are  four  butyl,  C4H9,  groups,  etc. 

Transformations. — A  concise  review  of  their  many  derivatives  was 
given  in  the  introduction  to  the  monocarboxylic  acids.  These  were 
obtained  in  part  from  the  acids,  or  directly  from  their  salts.  Their 
most  important  reactions  follow: 

(i)  Acids  and  alcohols  yield  esters  in  the  presence  of  hydrochloric 
or  sulphuric  acid  (p.  253). 

(2)  Salts  and  alkylogens,  or  alkyl  sulphates,  yield  esters. 
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(3)  Acids  or  salts  yield,  when  acted  upon  by  the  chlorides  of  phos- 
phorus, Ui-Zi/ fA/o/7*rf«  (p.  257)  andiiaf/anAjv/ni/w  (p.  259). 

(4)  The  ammonium  salts  of  the  acids  split  off  water  and  become 
atidamidti  (p,  261)  and  acid  nitriUs  (p.  a66). 

(SJ  The  halogens  pruduce  substitution  products. 

(6)  The  fatly  acids  are  very  stable  in  the  presence  of  oxidizing 
agents  1    they  are  attacked  very   slowly.     Fatly  acids, 
tertiary  group,  yield  nitroderivatives  (B.  15,  2318)  when  acted  upon 
by  nitric  acid. 

In  discussing  the  paraffins,  their  alcohols,  aldehydes  and  kelsnes^ 
methods  of  producing  these  bodies  were  made  known,  which  were 
based  upon  the  transposition  reactions  of  the  fatty  acids,  iheir  salts 
or  their  immediate  derivatives.     These  may  be  sumraariied  here  : 

(i)  Paraffins  (p.  84)  result  in  the  reduction  of  higher  fatly  acids 
by  liydriodicacid. 

(2)  Paraffins  (p.  84)  are  produced  when  the  calcium  salts  of  the 
fatly  acids  are  distilled  with  soda  lime. 

(3)  Paraffins  (p.  83)  result  from  the  electrolysis  of  concentrated 
solutions  of  the  potassium  salts  of  the  fatty  acids. 

(4)  Acid  chlorides  and  acid  anhydrides,  when  reduced,  yield  al- 
dehydes{^.  11^)  and />rimary  alcohols  (p.  189). 

(5)  Acid  chloridesand  zinc  alky  Is  yield  ketones  (p.  210)  and  terdar, 
alcohols  (jp.  113). 

(6)  BytheintemctionofiDdineand  tie  siWer  anils  of  fatly  acids  ciicts  of  the  neii 
lower  klcobol  >re  fonned  (compare  p.  252). 

(7)  When  the  calcium  salts  and  calcium  fonnate  are  distilled,  aide 
kydesATe  produced  (p.  188). 

(8)  Simple  and  mixed  ketones  (p.  109)  are  formed  when  the  calcium 
alts  are  distilled  alone  or  in  an  equi molecular  mixture. 

(9)  The  reduction  of  acid  niiriles  yields  primary  amines ;  these, 
aitroiis  acid  converts  into  the  corresponding  alcohols. 

(10)  Acid  amides,  when  acted  upon  by  bromine  and  sodium  hy- 
iroxide,  split  off  CO  as  carbon  dioxide  and  pass  into  the  next  lower 

series  o(  primary  amines.  This  reaction  answers  for  the  disintegration 
of  the  fatty  acids  (p.  852)- 

The  constitution  of  the  fatty  acids  follows  from  this  prndtiction 
from  bodies  of  known  constitution  and  their  conversion  into  the  same. 

Acetic  Acid  [Ethan-acid'\,  CH,,COOH,  Acidum  aceticom. — 
Acetic  acid,  formed  by  the  spontaneous  souring  of  alcoholic  liquids, 
is  the  acid  which  has  been  longest  known.  Vinegar  and  the  term 
"acid"  were  designated,  for  example,  by  the  Romans  by  closely 
related  words.     Wood  vinegar  became  known  first  in  the  middle  ages. 

Acetif  ictd  is  found  in  the  vegElablr  kingdom  l>oth  free  snd  in  ihe  form  of  Mils 
«nd  eslprs.  Thus,  it  was  mentioned  under  n-hexyl  and  n-oilvl  alculmls  iliai  Ihey 
occarrcd  in  ths  form  nf  llicir  nirlii  tilers  in  the  ethcreol  oil  of  Itie  seed  of  llem.-lfum 
teiim  Bud  in  (lie  fruil  of  Htrndtum  iphnndvliHm.    The  officinal,  concenlfMed 


244  ORGANIC  CHEMISTRY. 

acid,  as  well  as  the  thirty  per  cent,  aqueous  solution  of  the  acid,  are  applied  medici- 
nally. 

Acetic  acid  is  produced  in  the  decay  of  many  organic  substances 
and  in  the  dry  distillation  of  wood,  sugar,  tartaric  acid^  and  other 
compounds ;  also  in  the  oxidation  of  numerous  carbon  derivatives,  as 
it  is  very  stable  toward  oxidants. 

The  methods  of  forming  acetic  acid,  which  have  any  remarkable  theoretical  value, 
have  already  been  discussed  under  the  general  methods  for  the  production  of  fatty 
acids  (p.  239) ;  therefore,  they  will  be  but  briefly  noticed  here  : 

(1)  The  oxidation  of  ethyl  alcohol  and  acetaldehyde. 

(2)  The  reduction  of  oxyacetic  acid  or  glycollic  acid,  CH,(OH) .  CO,H,  and  the 
reduction  of  chlorinated  acetic  acids — t.  g,y  trichloracetic  acid,  CCl, .  CO,H. 

Synthetically:  (3)  From  methyl  cyanide  or  acetonitrile. 

i4)  From  sodium  methylate  and  carbon  monoxide. 
5)  From  sodium  methide  and  carbon  dioxide. 
(6)  From  phosgene  and  zinc  methide. 

By  decomposition :  (7)  By  the  oxidation  of  acetone  and  many  mixed  methyl 
ketones. 

(8)  By  the  decomposition  of  many  unsaturated  acids  of  the  oleic  series  when 
fused  with  caustic  potash. 

(9)  From  aceto-acetic  ester  by  means  of  alcoholic  potash. 

(10)  By  heating  malonic  acid. 

Finally,  a  rather  remarkable  synthesis  of  acetic  acid  consists  in  letting  air  and 
caustic  potash  act  upon  acetylene  in  diffused  daylight  (Berthelot,  1870): 

CH=CH  -I-  Hfi  -f  O  =  CH3 .  COOH. 

Historical. — At  the  close  of  the  eighteenth  century  Lavoisier  recognized  the  fact 
that  air  was  necessary  for  the  conversion  of  alcohol  into  acetic  acid.  Its  volume  was 
correspondingly  diminished.  In  1830  Dumas  converted  the  acid,  by  means  of 
chlorine,  into  trichloracetic  acid,  while  the  reconversion  of  the  latter  into  the  parent 
acid,  by  sodium  amalgam  and  water,  was  demonstrated  by  Melsens  in  1 842.  But 
when,  in  1843,  Kolbe  succeeded  in  producing  trichloracetic  acid  [1^.  274)  from  its 
elements,  the  first  synthesis  of  acetic  acid  was  accomplished. 

Acetic  acid  is  produced  (i)  by  the  oxidation  of  ethyl  alcohol  and 
liquids  containing  this  alcohol.  It  is  customary,  depending  upon 
their  origin,  to  distinguish  wine  vinegar,  fruit  vinegar,  and  beer  vinegar. 

(i)  The  Quick- vinegar  Process  (SchUtzenbach,  1823). — The  acetic  fermenta- 
tion of  alcoholic  liquids  consists  in  the  transference  of  the  oxygen  of  the  air  to  the 
alcohol  (Pasteur).  This  is  effected  by  the  acetic  ferment,  the  **  mother  of  vinegar," — 
Mycoderma  aceti^  Micrococcus  acefi,  or  Bacterium  aceti,* — the  germs  of  which  are 
always  present  in  the  air.  In  this  process,  by  an  enlargement  of  the  contact  surface 
of  the  alcoholic  liquid  with  the  air,  there  ensues  an  accelerated  oxidation.  Lai^e, 
wooden  tubs  are  filled  with  shavings  previously  moistened  with  vinegar,  then  the 
diluted  (ten  per  cent.)  alcoholic  solutions  are  poured  upon  these.  The  lower  part 
of  the  tub,  exposed  in  a  warm  room  (25°-30®),  is  provided  with  a  sieve-like  bottom, 
and  all  about  it  are  holes  permitting  the  entrance  of  air  to  the  interior.     The  liquid 


*  Vorlesungen  iiber  Bacterien  von  A.  de  Bary,  1887.     Die  G^hrungschemie  von 
Adolf  Mayer,  1895. 


I 
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I  the  bottcim  is  run  through  ibe  t 

m  of  ftll  the  alcfihol  inlo  acetic  i 
(3)  IVooi/  Vintgar  /'rcfrj-j.  — Considerable  qunnlilies  of  acetic  acid  are  also  ab- 
lained  bjr  the  dry  distillstinn  of  wood  in  cast  irou  retorts.  The  aqueous  distillate, 
consisling  of  acetic  acid,  wood  spirit,  Bcelooe,  and  empyreuroalic  oils,  is  neutralized 
with  soda,  evuporated  to  drfoess,  and  (he  residual  sodium  salt  beiUed  lo  xyi^-iyi". 
In  (his  manner,  the  greater  portion  of  the  various  organic  admixlures  is  destroyed, 


Pmperiies. — Anhydrous  acetic  acid  at  low  lem[»era lures  consists  of 
a  leafy,  crystalline  mass — glacial  actlic  o«i/— ftising  at  16.7°,  and 
forming  at  the  same  time  a  penetrating,  acid  smelling  liquid,  of 
specific  gravity  1.0497  **  ^°''-  ^^  boils  at  iiS",  and  mixes  with  water 
in  all  proportions.  In  this  case  a  contraction  first  ensues,  conse- 
qtiently  the  specific  gravity  increases  until  the  composiiion  of  the  solu- 
tion corresponds  lo  the  hydrate,  C,H,0,  +  H,0  (=  CH,.  C(OH).li 
the  specific  gravity  then  equals  1.0754  (77-80  per  cent.)  at  15".  On 
further  dilution,  the  specific  gravity  becomes  less,  until  a  50  per  cent, 
solution  possesses  about  the  same  specific  gravity  as  anhydrous  acetic 
acid.  Ordinary  vinegar  contains  about  5-15  percent,  of  acetic  acid. 
.\cetic  acid  is  an  excellent  solvent  for  many  carbon  compounds. 
Even  the  haloid  acids  dissolve  readily  in  glacial  acetic  acid  (B,  11, 
ijii).  Pure  acetic  acid  should  not  decolorize  a  drop  of  potassium 
|)ermaiiganate.  It  may  be  delected  b)-  conversion  into  volatile  acetic 
ether  when  heated  with  alcohol  and  sulphuric  acid  (p.  255).  or  by 
the  formation  of  cacodyl  oxide  (p.  176). 

Acetates. — The  acid  combines  with  one  equivalent  of  the  bases, 
forming  readily  soluble,  crystalline  salts.  It  also  forms  basic  salts  with 
iron,  aluminium,  lead  and  copper;  these  are  sparingly  soluble  in 
water.  The  alkali  salts  have  the  additional  property  of  combining 
with  a  molecule  ofacelic  acid,  yielding  ac/rf salts,  C,H,KO,-f  C.H.O,. 

Polassiuri  Aiiiati,  C,T1,K0,,  deliquesces  in  the  air  and  dissolves  readily  in  alco' 
hoi.  The  add  salt,  C,l  l,KU,  .  C,I1,0„  crystallites  out  in  pearly  leaflets.  It  fuus  al 
148'.  The  ja//,C,H,0,K  +  aC,H,0„  melting  at  (12",  is  decomposed  ai  170=  into 
acetic  acid  and  the  neutral  salt. 

Sadimn  Aitlale,  C,H,NaO,  J-  3H,0,  ctystalliies  in  large,  rhombic  prisms.  The 
crystals  effloresce  on  eximsore.   When  heated,  the  anhydrous  salt  remains  unchanged 

Ammonium  Acrtatc.  C,H,(NH,)0„  is  a  crystalline  mass.  Heat  applied  to  the  dry 
salt  converts  it  into  water  and  acetamide.  Calsium  A.flntt,  (C,H,0,),Ca  +  H,0, 
and  flariKw  Afital,,  fC,H,0,),B»  -f  H,0,  dissolve  readily  in  water. 

Ftrrmts  Acelalr,  {C,H,0,),Fe,  oxidizes  in  the  air  to  insoluble  basic  ferric  acetate. 
NnUral ferric  aeelalr.  (C,H,0,)jFe„  is  not  crystal liiahle.  On  boiling,  ferric  oxide 
is  jireeipitWed  in  the  form  nf  basic  acetate.  The  same  may  be  said  in  regard  to 
aluminium  acetate.  Both  salts  are  applied  as  mordantt  in  dyeing,  as  they  are  capable 
of  unidng  with  the  cotton  liber,  The  basic  salts  produced  on  the  application  of  heat 
arc  capable  of  retaining  dyts. 

Ntulral  Ltad  Attialf.  {C,H,0,l,Pb  +  311,0.  is  obtained  by  dissolvlnE  litharge  in 
acetic  acid.  The  salt  forms  [irillianl  four-sided  prisms,  which  effloresce  on  exposure. 
It  possp*s«  a  sweet  la^le    fhencc  called  susar  of  Ira,/).       •   ■  ■ 


I 


^_         II  possp*s«  a  sweet  la^le    fhencc  called  sugar  ef  lfa,i).iinA  is  pononous.      II  an       ^_ 
^^L        aqueous  solution  of  sugar  of  lead  be  boiled  with  lilhargr,  kiiU  Irail  salli,  of  varying     ^H 
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lead  content,  e,  g. ,  C,H,0,PbOH  and  CjHjOjPb  .O .  Pb . O .  Pb .  C,H,0,,  are  produced. 
Their  alkaline  solutions  find  application  under  the  designation — lead  vinegar.  Solu- 
tions of  basic  lead  acetates  absorb  carbon  dioxide  from  the  air  and  deposit  basic  car- 
bonates of  lead — white  lead. 

Lead  7etra-acetate^(Q^Wfi^)^h  is  obtained  when  minium  is  dissolved  in  hot 
glacial  acetic  acid.  From  the  filtrate  colorless  monoclinic  prisms  separate;  these 
melt  at  175°  (B.  29,  R.  342). 

Neutral  Copper  Acetate^  ^S^fitifi^  +  H,0,  is  easily  soluble  in  water.  Basic 
copper  salts  occur  in  trade  under  the  title  of  verdigris.  They  are  obtained  by  dis- 
solving copper  strips  in  acetic  acid  in  presence  of  air.  The  double  salt  of  acetate 
and  arsenite  of  copper  is  the  so-called  Schweinfurt  Green — mitis  green. 

Silver  Acetate^  C,^s^s^S>  separates  in  brilliant  needles  or  leaflets.  The  salt  is 
soluble  in  98  parts  water  at  14^  C. 

The  decompositions  of  the  acetates  have  been  previously  given  at 
various  points;  summarized  they  are: 

(i)  Potassium  acetate,  when  electrolyzed,  yields  ethane  or  dimethyl 
(p.  76). 

(2)  Sodium  acetate,  heated  with  soda  lime,  yields  methane  (p.  81). 

(3)  Potassium  acetate  and  arsenious  oxide,  on  the  application  of 
heat,  yield  cacodylic  oxide  (p.  177). 

(4)  Ammonium  acetate  loses  water  on  the  application  of  heat  with 
the  formation  of  acetamide  (p.  265). 

(5)  Calcium  acetate  is  decomposed  by  heat  into  acetone  (p.  214). 

(6)  Calcium  acetate  and  calcium  formate,  heated  together,  yield 
aldehyde  (p.  195). 

(7)  Calcium  acetate  and  the  calcium  salts  of  higher  fatty  acids 
yield  mixed  methyl  alkyl-ketones  when  they  are  heated  (p.  210). 


PROPIONIC  ACID.    BUTYRIC  ACIDS.    VALERIC  ACIDS. 

The  following  table  contains  the  melting  points  (B.  29,  R.  344), 
the  boiling  points,  and  the  specific  gravities  of  the  normal  acids  and 
their  isoinerides : 


Name. 


Propionic  Acid,  Methyl  Aceiic 

Acid, 

n-Butyric  Acid,  Ethyl  Acetic 

Acid, 

Isobutyric      Acid,      Dimethyl 

Acetic  Acid, 

n- Valeric      Acid,     n- Propyl 

Acetic  Acid, 

Isovaleric     Acid,      Isopropyl 

Acetic  Acid, 

Methyl-ethyl  Acetic  Acid,  .    . 

Trimethyl  Acetic  Acid,  Pival- 
ic  Acid, 


Formula. 

M.  P. 

-36.5" 

B.  P. 

Specific 
Gravity. 

CHj.CHj— CO,H 

140° 

0.9920(18°) 

CH3 .  (CH,),CO,H 

1630 

0.9587  (20°) 

^[]»>CH     CO3H 

-79** 

I550 

0.9490  (20^) 

CH,(CH,)3C0,H 

-59^ 

186° 

0.9568  (qO) 

C,H, .  CHr-CO.H 

-51° 

I74« 

0.9470  (o«) 

,;"»  >CH-.CO,H 

^2  "6 

1750 

0.9410  (2I<*) 

(CH,),C .  CO,H 

+35** 

1A30 

— 
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Propionic  Acid.  MclliyUceiic  Add  [Propan  acidl,  CH,.  CII,.  CO,Il.  may  be   I 
preiiaied  liy  (he  methods  in  genera!  use  in  malcing  fatty  acids;  (l|  by  [lie  oxida- 
lion  uf  nonnal  propyl  aicuhol  and  propylalilebyde  with  chromic  acid  ;   (2)  by  reduc- 
tion of  or'^/ir  aci'i/ (p.   2S0)  ai\il /irBfiargy/ii  anJ  {p.  187);    (3)  by  reduclioD  of /dr/iV 
oiiJ,  CH,.  CH(OH).CO,H,  and   glyceric   acid;     (4)  (synthelically)   from   etiy/ 
alcohol  through  its  conversion,  by  means  of  ethyl  iodide,  into  ethyl  cyanide  or  pro- 
pionitrile  ;  15)  from  sodium  ethylate  and  carbon  monoiide;  (6)  from  sodium  elbide 
and  carbon  dioxide:  (7}  (  by  dtcompodlitm)  in  Ihe  oiidation  of  methyl  ethyl,  melhyl- 
propyl  and  diethyl -ketone  ;   (8)  by  the  action  of  alcoholic  potash  upan  methyl  aceto-    | 
acetic  ester  with   the  simultaneous  production  of  ethyl   methyl  ketone;  (9)  from    I 
methylmalonic  acid  or  isonuccinic  acid  by  the  sppltcalion  of  beat. 

Its  formation  from  malale  and  lactate  of  calcium  by  fermentation  is  woithy  of 
note  (li.  II,  479;  17.  1190).  Gottlieb  Arst  discovered  propiomc  acid  in  1S47,  when 
he  fused  cane  sugar  with  caustic  potash.  IJumos  gave  <he  acid  its  Dome,  derived 
from  iTfiuro;,  ihf first,  rriuv,  fat,  because  when  treated  in  aqueous  solulion  with  calcium 
chloride  it  sepurated  as  an  oil.  It  is  the  tirst  acid  which  in  its  behavior  approaches 
the  higher  fatty  acidn. 

The  iarium  lall,  {C,H,0,),Ba  -)-  H,0,  cryslalUies  in  rhombic  prisms.  The  iilvcr 
lalt,  ^ll(0,Ag,  dissolve)  ^aringly  in  water. 

Butyric  Acids,  C.H.O,. 

Two  isomeric  adds  are  possible  :  I 

(j)  Normal    Butyric   Acid,  Elhyl  Acetic  Add  [Bulan  aciii], 
butyric  acid  of  fermentation,  occurs  free  and  also  as  the  glycerol  esler   j 
in  the  vegetable  and  animal  kingdoms,  es[jecia]ly  in  the  butter  of  cows   | 
(to  the  amount  of  five  |>er  cent.,  together  with  considerable  of  the 
glycerides  of  ijalmilic,  stearic,  and  oleic  acids),  in   which  Chevreiil 
found  it.  in  ihe  course  of  his  classic  investigations  upon  the  fats,     II 
exists  as  hexyl  ester  in  the  oil  of  Htracleum  giganUum,  and  as  oclyl 
ester  in  Pastinata  saliva.     It  has  been  observed  free  in  the  perspira- 
lion  and  in  the  fluids  of  the  flesh.     It  may  be  obtained  by  the  usual 
methods  employed  for  the  preparation  of  fatty  acids,  and  is  produced 
in  the  butyric  fermentation  of  sugar,  starch  and  lactic  acid,  and  in    1 
the  decay  and  oxidation  of  albuminoid  bodies.  ' 

Ordinarily  the  add  is  obtained  by  the  fennenlalion  of  sugar  or  starch,  induced  by 
the  previous  addition  of  decaying  substances,  ^.^.,  cheeic.  in  Ihe  presence  of  calcium 
or  zinc  carbonate,  intended  10  neutralize  Ihe  acids,  which  are  formed.  According  la 
Fiti.  the  bulytic  fermentation  of  glycerol  or  starch  is  most  advantageously  evoked  by 
the  direct  addition  of  schizomycelu,  especially  BaciUui  subtilis  and  Badllus  inoiopri- 
n«(B.  11.49.  S3;  89-  '7^6). 

Butyric  acid  is  a  thick,  rancid-smelling  liquid,  which  solidifies  when 
cooled.  It  boils  at  163°.  It  dissolves  readily  In  water  and  alcohol, 
and  may  be  thrown  out  of  solution  by  salts.     The  elhyl  ester  boils  at 


I 


The  laldum  sail.  (C,H,0,),Ca  +  H,0  {A.  113.  67I.  yields  brilliant  leaflets, 
is  less  solutJe  in  hot  than  in  cold  water  (in  3,5  pntls  at  15°) ;  therefore  the  latler 
grows  turbid  on  warming. 

(2)  laobutyric  Acid,  (CHj),.  CH  .  CO,H,  dimethyl  acetic  acid   ! 
[Methyl  Propan-acid],  is  found    free  in  carobs  {Ceraionia  siUqua),    ' 
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as  octyl  ester  in  the  oil  of  Pastinaca  saliva^  and  as  ethyl  ester  in 
croton  oil.  It  is  prepared  according  to  the  general  methods  (p.  239), 
while  concentrated  nitric  acid  converts  it  '\\\\.o  dinitropropanei^.  158). 
Potassium  permanganate  oxidizes  it  to  a-oxyisobutyric  acid. 

Isobutyric  acid  bears  great  similarity  to  normal  but3rric  acid,  but  is  not  misdble 
with  water. 

The  calcium  saU^  (C^H,02)2Ca  -f-  S^^s^*  dissolves  more  readily  in  hot  than  in  cold 
water. 

Valeric  Acids,  C5H10O,.  There  are  four  possible  isomerides 
(compare  table,  p.  246) : 

(1)  Normal  Valeric  Acid,  n-Propylacetic  Acid  [Pentgn-acid],  CH,.  (CH,),.  - 
CO,H,  is  formed  according  to  the  usual  methods  (p.  239). 

Ordinary  valeric  acid,  or  baldrianic  acid,  occurs  free,  and  as  esters 
in  the  animal  and  vegetable  kingdoms,  chiefly  in  the  small  valerian 
root  (^Valeriana  officinalis)^  and  in  the  root  of  Angelica  Archangelica, 
from  which  it  may  be  isolated  by  boiling  with  wateror  asoda  solution. 
It  is  a  mixture  of  isovaleric  acid  with  the  optically  active  methyl-ethyl 
acetic  acid,  and  is  therefore  also  active.  A  similar  artificial  mixture 
may  be  obtained  by  oxidizing  the  amyl  alcohol  of  fermentation 
(p.  127)  with  a  chromic  acid  solution.  Valeric  acid  combines  with 
water  and  yields  an  officinal  hydrate,  QHiqOj  +  H,0,  soluble  in  26.5 
parts  of  water  at  15*^. 

(2)  Isovaleric  Acid,  Isopropyl  Acetic  Acid  [3  Methyl butan- 
acid],  (CHs), .  CH  .  CH,.  CO3H,  may  be  synthetically  obtained  by 
some  of  the  methods  described  on  p.  240.  It  is  an  oily  liquid  with 
an  odor  resembling  that  of  old  cheese. 

Potassium  permanganate  oxidizes  isovaleric  acid  to  /3-oxyisovaleric  acid,  (CH,), .  - 
C(OH) .  CH, .  COjH.  Concentrated  nitric  acid  attacks,  in  addition,  the  CH-group, 
forming  methyloxysuccinic  acid,  (i-nitroisovaUric acid,  (CHj),  .  C(NOj) .  CH,  CO,H, 
and  ft-ilinifropropatte,  (CHj'),C(NOj),  (B.  15,  2324). 

The  isovalerat^s  generally  have  a  greasy  touch.  When  thrown  in  small  pieces 
upon  water  they  have  a  rotary  motion,  dissolving  at  the  same  time.  Barium  salf^ 
(^^^^^2)^^^^.  The  calcium  salt^  (C5HgOj),Ca  -|-  Z^fi*  stable,  readily  soluble 
needles.  The  zinc  salty  (CjHgOj^jZn  -\-  2HjO,  crjstallizes  in  large,  brilliant  leaflets  ; 
when  the  solution  is  boiled  a  basic  salt  separates. 

(3)  Methyl-ethyl    Acetic    Acid,   [2-Methyl-butan-acid],   ^||»>CH.CO,H, 

contains  an  asymmetric  carbon  atom,  and,  like  its  corresponding  alcohol  (p.  1 27),  may 
exist  in  two  optically  active  and  one  optically  inactive  modification.  The  optically 
inactive  form  has  been  synthesized,  and  has  also  been  resolved  by  means  of  its  brucine 
salts  into  its  optically  active  com}K)nents.  The  1-salt  dissolves  with  difficulty.  The 
specific  rotatory  power  of  the  optically  active  methyl-ethyl  acetic  acids  is : 

[a]D  =  =b  i7-85*»  (B.  29,52). 

Calcium  salt,  (CjHyO.^\Ca  4-  SHjO. 

An  optically  active  methyl-ethyl  a  etic  2ic\A\s  present  in  the  naturally  occurring 
valeric  acid,  together  with  isopropylacetic  acid,  but  in  consequence  of  the  slight 
crystallizing  power  of  its  salts  it  has  not  been  isolated  from  the  isopropyl -acetic 
acid  (A.  204,  159),  and  is  obtained  by  the  oxidation  of  the  amyl  alcohol  of  fermenta- 
tion (see  above). 
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^^ 

349    ^1 

^1         (4)  Trimethyl  Acetic  Acid,  (C!l,),C.CO,H  (Pivaiicadd).  rDinielhy1pr«p«n-       ^| 
^H    Bcid],   is  formed  from  leitbry  butyl  iodide,  (CH,),C1   [p.  140),   hj   mtans  nf  lUe        ^H 
^H    cyanide,  alui  by  the  onrdation  of  pinacoUne  (p.  216).    Tbe  acid  is  solublr  in  40       ^1 

, 

^B        B^rinm  sail.  (CjH.O,|,Ba  +  sH.O.     CMum  mil,  (C.H.O, 

,C.  +  5H,0.                H 

^H                                                           BIOKER  PATTY  ACIDS. 

I 

^B       The  subjoined  table  contains  the  melting  and  boil 

ng  points  of  the      ^| 

^"     higher  fatty  adds,  beginning  with  those  containing 

ix  carbon  atoms.      ^H 

The  boiling  points  enclosed  in  parentheses  were   determined  under      ^| 

100  mm.  pressure: 

Name. 

Potmnla. 

M.  p. 

..p. 

0-IIeioic  AcU,  n-Caproic  Acid, 

CH,.(CH,),CO,H 

+  8» 

aos» 

Imbutyl  Acetic  Acid   (B,  17, 

R.  "90 -  - 

(CH.),CH[CH,],CO,H 

I58» 

Sec.  Bulyl  Acetic  Acid  (B.  36, 

R,  931) 

tC.Hj},CH,)CHCll,.  CO,H 

§ijj>CH.CO,H 

}^«.>CH.CO.H 

174™ 

Llielhylacetic  Acid 

_ 

.90» 

Melbyl-n-propyt  Acetic  Add,  . 
Methylisopropyl  Acetic  Acid, 

'91° 

Dim  ethyl -elhy]  Acetic  Acid,   . 

'""■Vco.„ 

c,h/ 

-14° 

I87» 

n-Heptoic     Acid,     Oenamliylic 

Acid 

CH(CH,l.CO,H 
^y«>C[I.CO,H 

«.3" 
aio* 

Mctbyl-n-buty]  Acetic  Acid.   . 

- 

Ethyl -n- propyl  Acetic  Acid,    . 

^|{j>CH.CO.H 

- 

JO," 

Methyl  diethyl  Acetic  Add,    - 
H.Ocloic  Acid.  Caprylic  Acid. 

^C.  CO,H 

cA,('ck,),co,H 

Its" 

208» 

'3T 

n-Nonoic  Acid,  Pelnrponic  Add, 

CH,CH,1,C0,H 

1J.5' 

aS4° 

n-Capric  Acid, 

CH,(CH-l,CO,H 

S'^" 

170' 

nUndecylic  Acid 

CH.(CH,),Ca,H 

!8.5" 

ai2.5») 

n-LsuricAdd,      

CH,(CH,).-CO,H 

flSS" 

>«•) 

n-Tridecylie  Acid 

CH,ICH,i„CO,H 

405* 

•36') 

nMyriMic  Add.  .   ,       ... 

CH,(CH,)„CO,H 

53.8' 

1M,5=) 

D-Penladecaloic    Add    (B.    17, 

R-  tgi) 

CH,(CH,),.CO,H 

sf 

(!(«•) 

n-Palmilic  Acid, 

CH.(CH,)„CO.H 

6!= 

■78.5") 

D-Morgaric  Acid 

CH,(CH,),5CX),H 

599° 

(280.5'') 

^^    n-StMricAeid 

CH,(CH,l,.cn,H 
rCll,(Cll,),],CHCO,H 

6,.i" 

(.,.•) 

^^H        Di-H'OCtyl  Acetic  Acid.    .   .   . 

38.i" 

— 

75° 

^m      ItehcnicAcid 

»J" 

^^1      CemlicAcid 

CmH„0, 

;«• 

^H      MditsicAeid 

C^H^O, 

so- 

- 

i                                  ■ 
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The  normal  fatty  acids  in  the  preceding  list,  having  an  even  number 
of  carbon  atoms,  occur  almost  exclusively  in  the  natural  oils  and  fats, 
which  are  chiefly  glycerides  of  these  acids.  Palmitic  and  stearic 
aciils  possess  great  technical  importance. 

Caproic  Acid,  w-Hexylic  Acid,  CH,(CH,)4CO,H,  occurs  in  the 
form  of  its  glycerol  ester  in  cow's  butter,  goat  butter,  and  in  cocoanut  oil. 
It  is  produced,  together  with  butyric  acid,  in  thebutvric  fermentation. 

Oenanthylic  Acid,  n-Heptylic  Acid,  CH,(CH,)ICO,H,  can  easily 
Ik*  obtained  as  an  oxidation  product  of  oenan£hol{^,  iQ^)- 

Caprylic  Acid,  n- Octoic  Acid,  CH,(CH,),CO,H,  occurs  as  glycerol 
ostcr  in  goat  butter  and  in  many  fats  and  oils;  also  in  the  fusel-oil  of 
wine. 

PeUrgonic  Acid,  n-nonau  acid,  CH,(CH2),CO.H,  is  present  in  the  lemves  of 

/ V/f  J /X"! '////////  roseum,  and  is  prepared  by  the  oxidaUon  of  oleic  acid  and  oil  of  me 
(iiiotliyl  n-nonyl  ketone,  p.  216).  It  may  also  be  obtained  by  the  fnsioo  of  nndecjl- 
enic  :ici(l  with  |X)tas5iuin  hydroxide. 

Capric  Acid,  n-Decylic  Acid^  CYiJ^W^JjZOJA,  is  present  in  batter,  goat  batter, 
in  cocoanut  oil  and  in  many  fats,  and  as  amyl  ester  in  fasel  oil.  It  is  the  fint  normal 
acifi  (hnt  is  solid  at  the  ordinary  temperature. 

n  Undecylic  Acid,  CH,(CH,)9CO,H,  is  obtained  by  rednctioa  of  oDdecrlenic 
aciil  from  castor  oil. 

Laurie  Acid,  n  DoJ^cyiic  Acid,  CH,(CH,)|0CO2H,  occnn  as  glycerol,  esier  in 
till'  fruit  of  I.tiurus  fiohiiis,  Biid  in  pichurinm  beans.  It  is  foand  as  cetyl  esier  \tl 
s]M'riuaceti. 

Myristic  Acid,  n-  Tttradeiylic  Acid,  CH,  .  (CHj^^COjH,  occurs  in  moscat  batter 
(from  J/i /'///.<'  W('.r.4i//'/),  in  spermaceti  and  oil  of  cocoanni,  in  mrn'sfin  {B.  18, 
2011  ;  19,  ii.>.>i.  in  earth  nuts  (H.  22,  1743),  in  ox-bile  (B.  15,  1S29),  and  as  free 
acid,  a^  well  a^  methyl  ester,  in  iris  root  (B.  26,  2677). 

Palmitic   Acid,    n-Hexadecylic   Acid,    CH,i  CH,)uCO.H — ^The 

^]\(crol  t'>itT  oi  this  acid  and  that  of  stearic  acid  and  oleic  acid  con- 
stitute ihc  i>rincii>al  ingredients  of  solid  animal  fats.  Palmitic  acid 
occurs  in  raihir  large  qiiantiiies,  i>artly  uncombined.  in  palm  oil. 
Siicrm.uoii  is  ihe  cctyl-cstcr  of  the  acid,  while  the  mynn'i ester  is  the 
chii  r  con  >t  It  mm  o\  Ini'cs^^-ax.  The  acid  is  most  advantageously  ob- 
tail  t'd  from  olive  oil,  which  consists  almost  exclusively  of  the  glycerides 
01  lulmiticand  oleic  acids  (see  laiter"! ;  also,  from  Ta]>anese  beeswax,  a 
i:l\«  elide  oi  luimitic  acid  (B.  21,  226^^  The  acid  is  anificiallv 
maile  by  heal  in  c  reiyl  alcohc'l  with  soda  lime  to  270** ;  also  by  fusing 
topcihcT  /vV.v  i7.7./and  potassium  hydroxide. 

Marf::aric  Acid.  r..H.,(\,  docs  not  apparently  exist  naturally  in  tbe  fats.     It  is 

madf  In  .in  .irtiririal  way  by  lioilinc  cclyl  cyanide  witli  caustic  potash. 

Stearic  Acid,  n  iXtotiny/ic  Acid.  C^\^\C\^^\^COM,  is  associated 

w:ih  jMi:ii:iir  and  oleic  acids  as  a  mixed  glyccridc  in  solid  animal  fats 
— I  hi  ta'K'WN.     Itv  name  is  derived  from  ffriart  --  tallow. 

Arachi»i'C  Acid.Tl  I.  'CH..\,j.ri>,H,  ocriiri  in  earth-nut  oil  I'froni  .•i>-o.kis hyf»o^4tm\ 
Ti  )» is  \\ri'x\  .ilitniDrtl  vvnMirnrnliV  from  n*'o  to  ace  lie  «'Sfer  nnd  ortoderyl  iodide  (frooi 
stisi\',  fil.iiOivdr^  K  17.  K.  5701.  I'oi  produots  derived  from  nrachidic  acid,  see 
B.  29.  K  SsT.  ■.■'».'.»/^ ''»»/'.-.•/ 7./.  deriviHl  from  ononn  huttoi.  melts  ai  72®,  and 
api^ran-  to  l»c  ideniioal  with  ararhidic  ncid. 


I 


I 


SYMTHBSIS  AND   DECOMPOSITION   OF  THB   FATIV  ACIDS. 

C  Acid,  Cj,H„0,.  is  Touad  in  Ihc  oil  obtiined  from  Moriaga  oltlfera,  and 
lias  been  prp^inred  by  Ihe  reduciion  of  iodobehenic  acid  from  eiucic  xcid  (U.  17, 
R.  S77). 

Ceroiic  Acid,  C^H^O,  (B  ag,  R.  995],  accun,  logeiher  witb  melissic  acid,  in  a 
free  coiiditian  in  becsw»,  and  may  be  extncdd  from  ibis  on  Iniliag  wilh  alcohol, 
K%  eery  I  eicer,  it  constilules  Ibe  chief  ingredienl  of  diinnt  i^-ai.     Ili  name  ii  derived 

Meliasic  Acid,  C^H_0,.  is  formed  from  myricyl  alcohol  (p.  Ijo)  when  ihe 
Ullet  is  healed  wi(h  soda-Time,  ll  \i  a  waxy  substance,  melting  al  SS°,  and  Is  really, 
ai  i(  appears,  a  mixlurE  of  Iwo  acids. 

Tlie  acids  mentioned  in  the  table,  but  not  described  here,  have  been  prepared  by 
the  usual  synlhelic  methods.  Some  of  them  will  be  cntouniered  later  in  Ihe  form  of 
oiidatioo  or  reduction  pn:>dnct9  of  complicated,  complex  aliphatic  derivatives. 


SYNTHESIS  AND  DECOMPOSITION  OP  THE  FATTY  ACIDS. 

The  q'nihclic  mclhods  presented  for  the  production  of  the  fatty  acids  ore  not 
equally  well  adapted  for  this  purpose.  Thus,  methods  5,  6,  atid  7  [p.  24OJ  itre  re- 
stricted to  the  synthesis  of  the  simplest  members  of  the  series.  Keactions  more 
talisfadory  than  these,  aad  especially  fit  for  the  synthesi^of  the  higher  monodialkytic 
acetic  acids,  are  based  on  the  deportment  of  acetoacetic  ester  and  malonic  ester 
(methods  10  and  II).  However,  from  the  very  nature  of  affaiis,  Irialkylic  acetic 
acids  can  not  be  synthesiied  in  Ibis  way.  It  is  only  the  fourth  method  of  formation 
— the  syiilhesis  of  on  acid  cyanide  from  the  iodide  of  an  alcohol  containing  an  atom 
less  of  carbon  than  the  cyanide  and  the  acid  derived  from  it — that  will  lead  to  the 
synthesis  of  not  only  mono-  and  di-,  but  also  of  Irialkylic  acetic  acids.  The  nitriles 
of  the  latter — f.g. ,  of  trimelhyl arelU  acid,  dimflkylilkyi  aiflitadd,  and  JietAylmelbyi 
acelic  ofid — have  been  obtained  from  the  iodides  of  the  corresponding  tertiary  alco- 
hols. The  nilrile  synthesis  renders  the  formation  of  acids  from  alcohols  possible, 
and  inasmuch  as  acids  can  be  reduced  to  aldehydes  and  alcohols  by  the  fourth  trans- 
position method  (p.  343).  the  synthesis  of  these  two  classes  of  bodies  is  made  possible. 
Lichen,  Rossi,  and  Janecek  (A.  tB?,  126),  beginning  with  melhyl  alcohol,  system- 
atically jirepared  the  normal  acids  and  conesponding  alcohols  up  to  otHatitkic  atid, 
according  10  Ihe  following  scheme : 


CH,.OH — >CH,I- 

.     ^-H,  (in, 

[    Ethyl  Alcohol       Eiliyl  Iodide     Ethyl  Cyi.n1de  Proploaic  Acid         Propionic  Aldchvde. 

Three  reactions  come  into  consideralioii  in  the  breaking-down  or  decompositii 
of  the  normal  fatty  acids: 

(l)  The  method  of  formation  S  (p,  143)  of  cnrboaylic  acids:  oaidation  of  mix< 
tnelhyl-n-alkyl   ketones,  in   which  the  CU  group  conlinue*  in  combination  with  the 
methyl  group, 

(i)  The  transformation  10  (p.  243)  of  acid  amides  by  bromine  and  caustic  potash. 

(3)  The  action  of  iodine  upon  the  silver  salts. 

The  Rrsl  of  these  three  reactions  K.  KrnlTt  employed  in  a  systemalic  wny  for  the 
breaking-down  of  stearic  acid  into  normal  fatty  acids  of  ktuiwn  constilulion,  from 
which  it  was  concluded  that  stearic  acid  and  the  lower  homologues  derived  fioin  it 
possessed  normal  constitution.  Upon  distilling  #iin'Mw  sliaratt,  (C,,il,j(-0,),1!a.  and 
barium  nittnlt,  (CH, .  CO,),Ba,  hipladecylmtlhyl  kflon'.  C,,H,,C('>C1 1,,  results. 
this  is  niidiied  it  brealta  down  into  marfaHc  add,  C„II„CO,II,  and 
acid.      Barium  margarate  and    barium  a,ctlatt  yie\d  Aeindecy/mttiyl  itlsm. 
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msy  l«  efTecled  eilher  by  d\sIi1Utinn  (providing  the  eslcr  Is  readily  volatiliced),  < 
combining  tbe  wmer  formed  with  sulphutli:  or  hydrochloric  ncid.  w1i(?d  ibe  fae* 
modulus  will  l«  appreciably  augmented  (A.  iii,  zo8t.  The  icliuii  of  tbe  kIco 
Bpon  tlie  ciubaxyl  group  may  Ik  supposed  lo  lake  pliice  in  that  at  tirst  there  t 
addition  of  alcohol,  with  the  rormation  ot  a  monoatkyl  ellier  of  the  ortho-acid,  i 
iiibsoquently  a  snliiiing-off  of  water.  The  hydrochloric  acid  faciltiaie*  this  in 
it  reananges  ilself  with  the  ortho-acid.  The  resulting  chloride  tben  decompc 
spontaneously  into  Ihe  ealei  and  hydiochloiic  acid  (Henry,  B.  lo,  304!): 

-O     CH.OH             /O.r.H,  „a             ^OC.II,  ,OC,Hj 

'"■•     ^^  ^    CHX-O.II 5-CH,L'-OH  >■  Cll.C/ 


\ 


■Oil 


^O.  H 


^Cl 


We  practically  have  from  the  above  the  following  tnethutjs  <  _ 
prejiaration :  (a)  Distil  tbe  mixture  of  the  acid  or  its  salt  with  alcoht^ 
and  sulphuric  acid,  (i)  Or,  when  the  esters  volatilize  with  difliculti 
the  acid  or  its  salt  is  dissolved  in  excess  of  alcohol  (or  the  alcohol  1 
liie  acid),  and  while  applying  heal,  HCl  gas  is  conducted  into  ihi 
mixture  (or  H,SO,  added),  and  the  ester  precipitated  by  the  additioi 
of  water,  (<-j  The  acid  nitriles  can  be  direcdy  converted  into  esiei 
by  dissolving  them  in  alcohol  and  heating  them  with  dilute  sulphtii ' 
acid  (p.  267).  In  the  case  of  many  acids,  a  low  percentage  of  a' 
holic  hydrochloric  acid  has  shown  itself  as  particularly  well  adaptec 
for  esterification  purposes  (B.  aS,  3201,  3215,  3252;  compare  t 
of  aromatic  carboxyiic  acids). 

Geithelot  has  eieculed  more  extended  inTe^iigalioaa  upon  the  fi/tr  fonnatioi 
These  are  of  great  ini|H>rtance  to  chemical  dynamics.  Proceeding  from  tbe  11 
•siumpiion  thai  the  quantities  of  alcohol  and  acid  combining  in  a  unit  of  time  ( 
of  reacllon)  are  proportional  to  the  prodael  of  the  reacting  masses,  whose  qui 
regularly  dimini^es,  Benhelot  has  proposed  a  formulo  (AnnaUn  ekim.  pMs., 
by  which  tbe  speed  of  the  reaction  in  every  momenl  of  lime,  and  its  extent,  c 
calculated,  van'l  Hoff  hasdedaced  a  aimilar  formula  (B.  10,669),  which  Goldbe 
Waage  and  Thomien  pronounce  available  for  all  limiled  reactions  {iiiii.,  . 
?or  a  tabulation  of  tbe  various  calculations  relating  lo  this  matter,  see  B. 
ig,  1700.  Of  late,  Menscbutkin  has  eitendcd  the  investigations  upon  es 
tioni  to  the  several  homologous  series  of  acids  and  alcnbols  (A.  195,  334,  and  11 
193:  B,  15, 1445  and  1572;  31,  R.  41).  It  has  been  found  that  tbe  normal,  prinu 
alcohoU  (methyl  alcohol  eicepied)  possess  the  same  speed  of  reaction.  The  ejcc 
tion  \i  more  reactive  than  the  others.  The  secondary  alcohols  are  eslerified  mO-, 
*lowly,  and  in  the  case  of  the  tertiary  alcohols  this  process  proceeds  very  sluggishly. 
Formic  acid  is  more  reactive  than  acetic,  and  the  latter  more  so  than  tbe  succeeding 
homologiies,  with  which  the  speed  of  esteriUcntion  diminishes  as  the  molecule  grows 
larger.  In  acids  where  a  primary  alkyl  is  in  union  with  carboiyl,  Ihe  initial  velocity 
is  the  grealesl.  those  with  secondary  alkyls  are  less,  and  the  lowest  initial  velocity  b 
observed  with  acids  having  a  tertiary  alkyl. 

The  following  are  noteworthy  methods  of  formation : 

(a)  Rearrangement  of  the  alkyl  esters  of  mineral  acids  with  salts  0 

the  oi^nic  acids : 

(a)  By  the  action  of  the  alkylogens  (I)  upon  sails  (Ag)  of  thi 

acids: 

C,HiI  -f  CH,0 .  OAg  =  ^ Jj  °>0  +  Agl. 


ESTERS  OF  THS   FATTV  ACIDS. 

(i)  By  the  dry  distillation  of  a  mixture  of  the  alkali  salts  of  the 
fatty  acids  and  salts  of  alkyl  sul[)hates : 

so,<° ;  ^">  +  CH,0 .  OK  =  SO.K,  +  ^j^^Jj>0. 

(3)  By  the  action  of  aeiJ  chloridet  (p.  257)  or  add  anhydrides  (p. 
357)  on  the  alcohols  or  alcoholates: 


b.  CjlIjOH  +  (CH,CO),0  =  CII,COOC,Hj  +  CH.COOH. 

(4)  Electrosynlheses  of  tnonocarboxylic  esters  (p.  240). 

Properties. — Usually,  the  esters  of  fatty  acids  are  volatile,  neutral 

liquids,  soluble  in  alcohol  and  ether,  but  generally  insoluble  in  water, 

*'  iny  of  them  possess  an  agreeable  fruity  odor,  are  prepared  in  large 

quantities,  and   find  extended  application  as  artificial  fruit  essences. 

1  Nearly  all  fruit-odors  may  be  made  by  mixing  the  different  esters. 

I  The  esters  of  the  higher  fatty  acids  occur  in  the  natural  varieties  of 

Consult  B.  14,  1274;  A.  218,  337  ;  220,  290,  ^\i) ;  223. 147,  upon 
the  boiling  points,  the  specific  gravities  and  sjiecific  vohimes  of  the 
fatty  acid  esters. 

Tyansformalions. — (i)  When  the  esters  are  heated  with  water  they 
sustain  a  partial  decomposition  into  alcohol  and  acid.     This  decom- 
'  position  {saponification)  {p.  iia)  is  more  rapid  and  complete  00  heal 
I  ing  with  alkalies  in  alcoholic  solution  : 

C,!I,O.O.C,Hs  +  K0U  =  C,H,0.01C  ■+  CjH^Ull 
Consul!  A.  laS.  257,  anU  132,  103;  B.  ao,  I634,  upon  ihe  velocily  uf  wponiliai- 

(2)  AmmiaU  chingea  the  esters  inln  unides  (p.  262)  : 

C,H,0 .  O  . C,Hj  +  NH.  =  C,H,.0,N1I,  f  C^ifs,  OH. 

(3)  Theh»loidaciiiscou»ert  lhee«lersintoacidsandlialo:d-c3Lers(A.  an,  178): 

C,H,0  .  O  ,  C.Hb  +  hi  =  C,H,0 .  OH  +  C.HJ. 

(4)  By  the  action  of  PCI.  the  eilri- radical  oiygen  i?  replaced  by  chlorine,  end 
I  boih  radicals  ore  converted  laio  halogen  derifttivei.     Compare  oxalic  esltr  for  ib« 

it  of  this  reaction  : 

C,H,0 ,  O .  C,H5  +  PQj  =  C,H,0 .  CI  +  C,H,C1  +  POCI,. 


I 


Wlif  n  chlorine  acts  upon  it  the  nlcohol  radical  is  firal  lubslitutcd ;  C,I1,0, .  CH,a 
boils  at  150" ;  C.l  1,( ), .  CHCl,  l«ils  M  148°. 

The  Ethyt E!itr,VXaf\  Acetale-Aceiic  Ether— C,H,0, .  C,Hj,  boils  a(  77".  At 
0°  its  ip  gr.  equals  0.92  jS.  Il  is  technically  prepared  from  acetic  ntid,  alcohol,  and 
wliihuric  acid.     It  ii  ilie  oRicinal  .Jilher  oitlicm.     It  is  the  slarting-point  for  (he 
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production  of  acetoacetic  ester^  CH, .  CO .  CH,  .  CO, .  C^H^,  a  factor  in  the  formation 
of  antipyrine. 

Chlorine  produces  substitution  products  of  the  alcohol  radicals.  The  n-propyl  ester 
boils  at  101°.     The  isopropyl  ester  boils  at  91°. 

xi' Butyl  ester  boils  at  124®.  The  isobutyl  ester  boils  at  1 16°,  the  secondary  buiyl 
ester  at  III°,  and  the  tertiary  at  96®. 

The  ^w^'/ £'j/^r  boils  at  148° ;  n -propyl  methyl  carbinol  acetate,  (CH,CH,CH,)- 
(CHj)CHO.  CO  .  CH„  at  133®,  and  isopropyl  methyl  carbinol  acetate  at  125**.  At 
200°  it  splits  up  into  amylene  and  acetic  acid.  Isobutyl  carbinol  acetate^  the 
acetic  ester  of  amyl  alcohol  of  fermentation,  boils  at  140^.  A  dilute  alcoholic  solution 
of  it  has  the  odor  of  pears,  and  is  used  as  pear  oil. 

Acetic -Xi-Hexy I  Ester  occurs  in  the  oil  of  Heracleum  git^anteum.  It  boils  at  169- 
170°  and  possesses  a  fruit-like  odor.  Acetic-n  octyl  ester  is  also  present  in  the  oil 
of  Heracleum  giganteum.     It  boils  at  207^  and  has  the  odor  of  oranges. 

The  allyl-ester  boils  at  98-100®. 

For  higher  acetic  esters,  see  A.  233,  260. 

Orthoacetic  Ester ^  CH,.  C(0 .  C^H^).,  boiling  at  132°,  is  produced  on  warming 
a-trichlorethane  or  methyl  chloroform^  CH,.  CClj  (p.  103),  with  sodium  ethylate  in 
ethereal  solution. 

Furthermore,  the  addition  products  of  the  aldehydes  and  acetic  anhydride  are  the 
acetic  esters  (p.  1 91)  of  those  glycols  not  capable  of  existing  in  a  free  condition. 
The  aldehydes  are  probably  the  anhydrides  of  these  bodies. 

Later,  in  the  presentation  of  the  polyhydric  alcohols  their  acetic  esters  will 
always  be  mentioned,  for  by  their  saponification  a  clue  can  be  obtained  as  to  the 
number  of  hydroxyl  groups  present  in  the  alcohol. 

Esters  of  Propionic  Acid. — The  methyl  ester  boils  at  79.5°.  The  ethyl  ester 
lx>ils  at  98.8®.  The  n-propyl  ester  boils  at  122® ;  the  isobutyl  ester  at  137®  ;  and  the 
isoatnyl  ester  at  160® ;  the  latter  has  an  odor  like  that  of  pine-apples.     (See  A.  233, 

253.) 

Esters  of  n-But)rric  Acid. — Methyl  Ester  boils  at  102.3°,  and  has  an  odor  like 

that  of  rennet.     The  ethyl  ester  lx)ils  at  1 20. 9®,  has  a  pine-apple-like  odor,  and  is 

employed  in  the  manufacture  of  artificial  rum.     Its  alcoholic  solution  is  the  artificial 

pine- apple  oil. 

The  n-propyl  ester  boils  at  143®;  i\it  isopropyl  ester  aX  128®.  Thit  isobutyl  ester 
lx>ils  at  157°.  The  isonmyl  ester  boils  at  178®,  and  its  odor  resembles  that  of  pears. 
The  n-hexyl  ester ^  boiling  at  205°,  and  n- octyl  ester ^  boiling  at  244®,  are  found  in  the 
oil  obtained  from  various  species  of  Heracleum  (see  above)  and  the  octyl  ester  in 
Pastinaca  sativa  (A.  163,  193  ;   166,  80  ;  233,  272). 

Methyl  Isohutyric  Ester  boils  at  92.3®.  Ethyl  Isobutyric  Ester ^  C^H^O, .  CjH^, 
boils  at  1 10°.     n  Propyl  Ester  boils  at  135°  (A.  218,  334). 

Esters  of  the  Valeric  Acids. — n-  Valeric  Ethyl  Ester  boils  at  144®  (A.  233,  274). 

i-  Valeric  Ethyl  Ester  boils  at  135°.     i-  Valeric  Isoamyl  Ester  boils  at  I94**. 

Mcthyl-ethvl  Acetic  Ethyl  Ester  boils  at  133.5®  (A.  195,  120).  Trimeikyl  Acetic 
Ethyl  Ester  boils  at  Il8°  (A.  173,  372). 

Esters  of  the  Hexoic  Acids. — n-H. -ethyl  ester  boils  at  167®.  Isobietylacetic 
Ethvl  Ester  boils  at  161®. 

n  Heptoic  Ethyl  Ester  boils  at  187-188°.  n-dfctoic  Ethyl  Ester  boils  at 
207-208°  (A.  233,  282).  n-Nonoic  Ethyl  Ester  boils  at  227-228°.  n-Caproic 
Ethyl  Ester  boils  with  decomposition,  at  275-290°  ;  it  is  the  principal  constituent 
of  the  fusel  oil  of  wine. 

Laurie  Ethyl  Ester  boils  at  269°.  Myristic  Ethyl  Ester  melts  at  lo-ii**, 
and  boils  at  295°. 

Spermaceti  and  the  Waxes. 

Some  of  the  esters  with  high  molecular  weights  occur  already 
formed  in   spermaceti  and  the  waxes.     This  fact  has  been  noted  in 
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iiinection  with  the  corresponding  alcohols  and  acids.  The  waxes 
"istinguished  from  the  fats  in  that  they  consist  of  esters  of  n 
hydric  alcohols  with  high  molecular  weight,  whereas  the  fats  are  the 
esters  <•(  the  trihydric  alcohol,  glycerol.  Spermaceti  belongs  to  the 
wax  variety. 

Spermaceti  {Ce/aceum,  Sperma  Celt)  occurs  in  the  oil  from  pecu- 
liar cavities  in  the  heads  of  whaies  (particularly  Physe/er  macro- 
cfphalus),  and  upon  standing  and  cooling  it  separates  as  a  while  crys- 
talline mass,  which  can  be  purified  by  pressing  and  recrystallization 
frum  alcohol.  It  consists  of  Cetyl  Palmitic  Eater,  C„H,iO,  .- 
t^«Ha,  which  crystallizes  from  hot  alcohol  in  waxy,  shining  needles 
or  leaOcls,  and  melts  at  49°.  It  volatilizes  imdecomposed  in  a 
vacuum.     Distilled  under  pressure,  it  yields  hexadecylene  and  palmitic 

lacirl.     When  boiled  with  alcoholic  caustic  potash  it  becomes  palmitic 

bcid  and  cetyl  alcohol. 

I  Ordinary  beesvax  is  a  mixture  of  cerolic  acid,  C,^HuO,.  with  Myricyl  Palmitic 
Eiter,  C„H„0,.Ca,H„.  Boiling  alcohol  exlracls  the  cerolic  acid  and  ibe  esler 
myririH  remains  {A.  214,  225). 

Consult  A.  135,  106.  for  oilier  consiituenls  ot  beeswax, 

Camatlba  wax,  from  the  leavci  of  the  camuba  irce,  mclls  at  83°.  It  eonleins  free 
eery]  alcohol  and  various  acid  eslers  (A.  133,  2S3), 

Chinese  arax  is  Ceryl  Cerotic  Ester,  C„lIyO, .  C^Hjj,  Alcoholic  polash  de- 
composes il  into  cerotic  acid  and  ceryl  alcohol. 


^^  OR  HALOID  AtJHyORIOEa  OF  THE  FATTY  ACIDS. 

^V  The  haloid  anhydrides  of  the  acids  (or  acid  haloids)  are  those 
^■■derivatives  which  arise  in  the  replacement  of  the  hydroxy!  of  acids  by 
halogens ;  they  are  the  halogen  compounds  of  the  acid  radicals.  They 
have  been  termed  haloid  anhydrides,  because  they  can  be  viewed 
as  mixed  anhydrides  (p.  359)  of  the  fatty  acids  and  the  haloid  acids, 
corresponding  to  the  method  of  formation  (i)  of  the  acid  chlorides. 

Acid  Chlorides. — (i)  From  fatty  acids  and  hydrochloric  acid,  by 
means  of  P,Ob  : 

ICH,,  COOH  +  HO ^— — -J-  CH,.  COCl  +  11,0. 
[   (a)  By  the  action  of  hydrochloric  acid  gas  upon  a  mixture  rjf  an 
pcid  nitrile  and  a  carboxylic  acid  or  an  anhydride  at  0°.    The  hydro- 
diloride  of  the  acid  amide  is  produced  at  the  same  time  (B.  39, 


Cn,CN  +  CH, .  COOH  +  aHa  =  CH, .  CONH, .  HQ  +  CH, .  COCl. 

(3)  By  the  action  of  chlorine  upon  aldehydes : 
CH, .  COH  +  CI,  =  CH, .  COC!  +  HCl, 

(4)  A  far  more  important  method  of  formation  consists  in  lett 
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the  {•h<)sphi)nis  haloids  act  u()on  the  acids  or  their  salts — just  as  the 
alk\l.»L:cns  are  produced  from  the  alcohols  (p.  139)  : 

(.7)         CH,.  COOH  -f  PCL  =  CH,.  COa  -f  POCL  -f  HCl 

(  M       3CH, .  C(  K JH  ^  PC,  =  3CH, .  COa  -  PO,H, 

(. )  2CH,.  COONa  -h  POO,  =  2CH,  .  COa  -f-  PO,Na  +  NaQ. 

Should  tiicre  be  an  excess  of  the  salt,  the  acid  will  also  act  upon  it  and  acid 
anhydrides  result  ^p.  259).     The  action,  particularly  upon  the  salts,  is  very  violent. 

( 5  I  Carbon  oxychloride  and  thionyl  chloride  (see  malonyl  chloride)  act  upon  the 
free  acids  and  their  salts  the  same  as  the  chlorides  of  phosphorus.  Acid  chlorides 
and  anhydrides  are  produced.  This  method  has  met  with  technical  applicmtion  (B. 
17,  12S5;  21,  1267): 

c.iijO. on  ^  coci,  =  c,H,oa  -r  co,  +  na. 

( 6)  Acid  chlorides  are  also  produced  by  the  interaction  of  phosgene   and  zinc 

alky  Is  (p.  240 ). 

///j/..>;-.v.//.  —  Liclig  and  Wohler  obtained  the  first  acid  choride  in  1832,  when 
they  treated  l>enzaldehyde,  C^ILCOH,  with  chlorine.  It  was  ^fnzoyl  chloride.  C^H.- 
COCl,  the  ciiloride  of  the  simplest  aromatic  acid — ^benzoic  acid.  In  1846,  Cahours 
discovered  the  methtxl  of  producing  aromatic  acid  chlorides  by  the  action  of  phos- 
phorus pentachloride  upon  monocarboxylic  acids.  Acetyl  chlot ide  was  first  prepared 
in  185 1  by  Gerhardt  (.\.  87,  63)  by  treating  sodium  acetate  with  phosphorus  oxy- 
chloride. 

Acid  Bromides. — (i)  The  phosphorus  bromides  act  like  the  corresponding 
chlorides  upon  the  fatty  acids  or  their  salts.  A  mixture  of  amorphous  phosphorus 
and  I  romiiie  uKiy  l)e  employed  as  a  substitute  for  the  prepared  bromide. 

(2)  \\\  intcresiing  method  for  preparing  the  acid  bromides  consists  in  letting  air 
act  u|)oii  certain  bromiile  derivatives  of  the  alkylens,  whereby  oxygen  will  be 
absorbed.  \w  intramolecular  atomic  rearrangement  ^p.  52)  takes  place  (B.  13, 
19.S0;  21,  335^']: 

O 
Unsym.  I  )ibromeihylene,  CH,  —  CBr, ^  CH,Br .  COBr,  Bromacetyl  Bromide. 

O 
Tribrometbylene,         CHBr  —  CBr, 5^  CHBr,  .  COBr,  Dibromacetyl  Bromide. 

Acid  Iodides.—  Thosphorus  iodide  does  not  convert  the  acids  into  iodides  of  the 
acid  radical>  ;  this  only  occurs  when  the  acid  anhydrides  are  employed.  They  are 
also  produced  Ijy  the  interaction  of  acid  chlorides  and  calcium  iodide. 

Acid  Fluorides. — .  /. r/r/  Fluoride  is  a  gas  with  an  oilor  resembling  that  of  phos- 
gene. It  i-.  formed  in  the  action  of  AgF  or  AsF-  upon  acetyl  chloride.  A  better 
procedure  con-i>t.>  in  allowing  acid  chlorides  to  act  u|)on  anhydrous  zinc  fluoride^ 

Propionyl  Fluoride,  CH,.  CH, .  COF,  boils  at  44°. 

Propntit's  and  Transpositions. — The  acid  haloids  are  sharp-smelling 
li(jiiids,  which  fume  in  the  air.  They  are  heavier  than  water,  sink  in 
it.  and  at  ordinary  temperatures  (i)  decompose,  forming  acids  and 
hah)L:cn  hydrides.  The  more  readily  soluble  the  resulting  acid  is  in 
water,  tlie  more  energetic  will  the  reaction  be. 

The  acid  chlorides  act  similarly  upon  many  other  bodies.  (2)  They 
yield  compound  ethers,  or  esters,  with  the  alcohols  or  alcoholates  (p. 
253).  (3)  With  salts  or  acids  they  yield  acid  anhydrides  (p.  259), 
and  (4)  with  ammonia,  the  amides  of  the  acids,  etc. 

(5)  Sodium  amalgam,  or  better,  sodium  and  oxalic  acid  (B.  a,  98), 
will  convert  the  acid  chlorides  into  aldehydes  and  alcohols  (pp.  190 
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and  113)-  (6)  They  yield  ketones  and  tertiary  alcohols  when  ireated 
with  the  zinc  alkjls  [pp.  209  and  1 13).  (7)  By  the  aciion  of  silver 
cyanide  they  pass  into  the  adii  cyanides,  which  are  described  as  the 
nitriles  of  the  u-ketone  carboxylic  acids.  (8)  Di-  and  poly  carboxylic 
acids,  having  the  power  of  forming  anhydrides,  pass  when  treated 
with  acid  chlorides  specially  acetyl  chloride)  into  their  anhydrides. 

Acetyl  Chloride  [Ethanoyl  Chloride],  CH,.  CO.  CI,  boilsatss'. 
It  is  formed  according  to  the  general  niethi>ds  applied  in  the  production 
of  acid  chlcirides,  and  by  carefully  distilling  a  mixtnre  of  acetic  acid 
(3  parts)  and  PCI,  (a  parts).  Or,  heat  POClj  (i  molecules)  with  acetic 
acid  (3  molecule.'*),  as  long  as  HCl  escapes,  then  distil  (A.  175,  378). 
The  acetyl  chloride  is  purified  by  again  distilling  over  a  little  dry 
sodium  acetate.  It  is  a  colorless,  pungent  smelling  liquid  which  has  a 
specific  gravity  of  i  130  at  o".  Water  decomposes  it  very  energetic- 
ally.    For  its  transformations,  consult  the  preceding  paragraphs. 

Acetyl  chloride  forms  chlorinated  acetic  acids  with  chbrine.  Com- 
jjare  acetyl  acetone. 


I 

I 


Acetyl  Bromide  boil*  bI  81". 
Acetyl  Iodide  liolla  at  laS°. 
Propionyl  Chloride,  CH,.CH,  .CO.Ci,  boils 
ud  the  iodide  al        " 


)» !  the  bvo. 


Butyryl  Cbloride,  C,K,0 .  CI.  boils  at  iot°.  Aluminium  chloride  changes  it  la 
trieihylphloroglucin  (B.  a?,  R,  507).  The  n-iromWr  boils  at  128°;  Ibe  n-iodiJe  at 
146-143*'.  Sodium  amnlgBTO  converts  it  into  normal  butyl  aicohol.  Isobutyryl 
Cbloride,  (CII.I, .  CI! .  CO  .  CI,  boils  at  92°;   l\ie.  bramidt  a.X  116-I18'. 

iBOvaleryl  Chloride,  CjH,0,  CI,  boils  at  113.5-114.5°;  the  bremidl  al  143", 
and  the  iadide  at  iftS" 

Trimtfhvl  Acttic  Chhride.{Q.^^)^  .ZOQ\,\M\\ii.\.\Qt,-\aff.  ^-C.-pre\l  Chhridt, 
CH,(ClI,),COCI.lKJhlE at  151-1530.  Ditlhylaiils,-ICiihridt,{CM^f.\\CQZ\,  boils 
«  »34-'37''-     DiiHilltyl-tlkyl acitii  fhhride,  (CH,),(C,H„)C.  COCI,  boils  ai  132°. 

Consult  B.  17,  1378;  ig,  1982;  33,  2384,  for  tbe  cbtorides  of  the  higher  fally 


3.  ACID  ANHYDRIDES, 

The  acid  anhydrides  are  the  oxides  of  the  acid  radicals.  lu  those 
of  tiie  monobasic  acids  two  acid  radicals  are  united  by  an  oxygen 
atom  ;  they  are  analogous  to  the  oxides  of  the  univalent  alcohol 
radicals — the  ethers. 

The  simflf  anhydrides,  those  containing  two  similar  radicals,  can  as  a  general 
thing  be  distilled,  while  Ihe  mji/i/ anhydriiles.  with  two  dissimilar  radicals,  decom- 
pose when  (bus  (rcated.  into  two  simple  oahydrides: 


d 

I 


Methods  of  Formation.— (ru)  The  cliloridcs  of  the  acid  radi- 
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cals  are  allowed  to  act  on  anhydrous  salts — viz.,  the  alkali  salts  of  th< 
acids: 

C,H,0 .  OK  +  C,H,0 .  a  =  ^H»o><^  +  KQ. 

(i^)  The  anhydrides  of  the  higher  fatty  acids  can  be  produced  further  by  th 
action  of  acetyl  chloride  on  the  latter  (B.  zo,  l88l). 

(2)  Phosphorus  oxychloride  (i  molecule)  acts  upon  the  dry  alkal 
salts  of  the  acids  (4  molecules).  The  acid  chloride  which  app>ears  ii 
the  beginning  acts  immediately  upon  the  excess  of  salt : 

I  Phase :    2C,H,0 .  OK  -f  POQ,         =  2C,H,0 .  Q  +  PO,K  +  KQ 
II  Phase :      C^Ufi  .  OK  +  C,H,0.  O  =  (C,H,0),0  +  KCl. 

(3)  Phosgene,  COCl,,  acts  like  POG|.  In  this  reaction  acid  chlorides  are  b1» 
produced  (p.  258). 

(4)  A  direct  conversion  of  the  acid  chlorides  into  the  corresponding  anhydride 
may  be  effected  by  permitting  the  former  to  act  upon  anhydrous  oxalic  acid  (A 
226,  14) : 

2C,H50C1  +  CjOJI,  =  (C,H,0),0  +  2Ha  +  CO,  +  CO. 

Ifistoriial. — Charles  Gerhardt  (1851^  discovered  the  acid  anhydrides.  The  im 
portant  bearing  of  this  discovery  upon  tne  type  theory,  has  already  been  alluded  to  ii 

the  introduction. 

Properties  and  Deportment, — ^The  acid  anhydrides*  are  liquids  o: 
solids  of  neutral  reaction,  and  are  soluble  in"  ether.  Their  boiling 
points  are  higher  than  those  of  the  corresponding  acids,  (i)  Wate 
decomposes  them  into  their  constituent  acids: 

(Cj!I,0),0  +  H,0  =  2C,H,0.  OH. 

(2)  With  alcohols  they  yield  the  esters: 

(C^H^O),©  -I-  CjHj  .  OH  =  ^«???>0  -I-  C,H,0.  OH. 

(3)  Ammonia  and  primary  and  secondary  amines  convert  then 

into  amides  and  ammonium  salts: 

(CIl3CO),0  -f  2NHj  =  CHj.  CONH,  -f  CH,.  COONH^. 

(4)  Heated  with  hydrochloric  acid,  hydrobromic  and  hydriodii 
acids,  they  decompose  into  an  acid  haloid  and  free  acid : 

(C2H,0),0  -f  HCl  =  CjlIjO  .  CI  -f  C,H,0 .  OH. 

(5)  Chlorine  splits  them  up  into  acid  chlorides  and  chlorinatec 
acid- : 

(^31^30)20  -f  CI,  =  CjHjO .  a  -h  CI .  cn, .  cooh. 

(6)  Sodium  amalgam  changes  the  anhydrides  to  aldehydes  anc 
primary  alcohols. 

(7)  Aldehydes  and  acid  anhydrides  combine  to  esters. 


But3Tic  Anhydride  boJU  at 


I 


Acetic  Anhydride  [Eihaii-acid  Anhydride],  (C,H,O),0,  is  a 
mobile,  piinyent-smelling  liquid  boiling  at  137".  Its  specific  gravity 
equals  1.073  *'  *'"■ 

To  prepaiv  jl,  distil  >  mixlur 

phunis  oxychloride  (i   pott))    • 
■celyl  chloride. 

Propionic  Anhydride,  (C,HjO},0,  boils  ni 

19I-19J°, 

/inAH/yn'f  Ankvdniir  boils  al  181.5".  Ti-Cnfiraic  Ankydridi  boils  wjlh  decoropo- 
silion  al  241-243°.  (Knanlkic  Anhydridt  boils  b1  258°  wilh  partial  decomposition. 
h'llorgonic  Anhydridt  melts  Bl  +5°  and  falmilii  anhydride  nl  64". 


4.  ACID  PEROXIDES. 

The  peroxides  at  tlie  icid  radicals  are  produced  on  digesting  Ibe  chlorides  or 
anhyrlrrdes  in  elhertal  soliilion  wilh  liaiiura  peroxide  (Brodie,  Pogj;,  Ann.,  lai,  J82) 
or  by  the  action  o(  ice-cold  chlorides  upon  hydrated  sodium  jwroiide  (B.  ag,  1726) : 

2C,»,0 ,  CI  +  BaO,  =  {C,H,0),0,  +  BaO,. 

Acetyl  Peroxide  is  a  illicit  li'guid.  insoluble  in  water,  but  readily  disioWed 
by  alcohol  and  ether.  It  is  a  rery  unsLable,  strong,  oxidizing  agent,  sepaiating 
iodine  froin  potassium  iodide  soiulions  and  decolorizing  a  solution  of  indigo.  Sun- 
light decomposes  it,  and  when  healed  it  explodes  violently.  With  barium  hydroxide 
II  yields  barium  acetate  and  barium  peroxide. 


By  the  repUeeracnt  of  oxygen  ii 


,  R'.CO,  SH    Thio-acids  [Thiolic  Acids! 

.   R'.CS.OH    Thionic  Acids,  compare  Tliiamidc? 

,  R'.  CS  .  SH    Dilhionic  Acids  [Tbionlhiolic  Acids]. 


Altpbatic  acids  of  the  f\m  kind  alone  ai 
acid.  CH, ,  COSH.— was  obtained  by  Keku 
sulphide  acted  upon  acetic  acid.  It  is  advis 
of  coarse  pieces  of  glass : 


lown.     The  first  IhiD-acid— /A/orrfiV 
I   90,  309)  when  phosphorus  penta-    , 
to  mix  the  P,Sg  with  half  its  weight 


L 


5C,n,0 ,  OH  +  P,S,  =  sCjHjO .  SH  -)-  P,05. 

The  thio-anhydridti  arise  in  the  same  loanner  by  the  action  of  phosphorus  sulphide 
upon  the  acid  anhydrides.  The  ihio  acids  are  produced  by  the  action  of  acid  chlorides 
upon  potassium  sul|ihydrate.  The  disagreeably- smelling  thio-acids  correspond  to  the 
(bio-alcohols  or  mercaplans  l^p,  149),  their  sulphanhydridti  to  the  acid  anhydrides 
and  the  simple  sulphides,  and  their  Jisulfhidis  to  the  peroxides  and  alkyl  disulphides : 


fCH,  .  CO),0, 
Acetyl  Peroxide. 
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The  esttrs  are  obuined  when  the  alkylogens  react  with  the  lalts  of  the  thio-acids, 
and  by  letting  the  acid  chlorides  act  upon  the  mercaptans  or  mercaptides. 

They  also  appear  in  the  decomposition  of  alkylic  isothio-acetanilides  with  dilute 
hydrochloric  acid : 

CHj.C^  *  +H,0  =  CH,.CO.S.C,H5  +  NH,.C.Hg. 

Ethyl'isothio-acetanilide  Thio-acetk  Ester  Aniline. 

Concentrated  caustic  potash  decomposes  the  esters  into  fatty  acids  and  mercaptans. 

Thiacetic  Acid  [EthaHioI'acid'\^  CH,COSH,  is  a  colorless  liquid,  boiling  at 
93®.  Its  specific  gravity  at  lo®  is  1. 074.  Its  odor  resembles  those  of  acetic  acid 
and  hydrogen  sulphide.  It  dissolves  with  difficulty  in  water,  but  readily  in  alcohol 
and  in  ether.  This  acid  has  been  recommended  as  a  very  convenient  substitute  for 
hydrogen  sulphide  in  analytical  operations  (B.  18,  R.  616).  The  lead  salt ^  (C^H,- 
O .  S)2pb,  crystallizes  in  minute  needles,  and  readily  decomposes  with  the  formation 
of  lead  sulphide.     The  ethyl  ester,  CjH,0 .  S .  CLH^,  boils  at  1 15®. 

Acetyl  Sulphide,  (C,H30)2S,  is  a  heavy,  yellow  oil,  insoluble  in  water.  It  boils 
at  157^.  Water  gradually  decomposes  it  into  acetic  and  thiacetic  acids  (B.  24, 
3548,  4251). 

Acetyl  Disulphide,  (C2H,0),S,,  is  formed  when  acetyl  chloride  acts  upon 
potassium  disulphide,  or  iodine  upon  the  salts  of  the  thio-acid. 


6.  ACID  AMIDES. 

These  correspond  to  the  amines  of  the  alcohol  radicals.  The  hydro- 
gen of  ammonia  can  be  replaced  by  acid  radicals,  forming  primary, 
secondary  and  tertiary  acid  amides  : 

CH, .  CO  .  Nllj,  (CH3 .  CO),XH  (CH, .  CO),N 

Acctamide  (primary)  Diacetamide  (secondary)         Triac«taniide  (tertiary)* 

Recently  the  idea  has  been  expressed  that  the  constitution  of  the  primary  acid 

OH 
amides  might  be  represented  by  the  formula  R'.  C^         (compare  benzamide),  from 

which  the  imido-ethers  (p.  269)  are  derived. 

The  hydrogen  of  primary  and  secondary  amines,  like  that  of  am- 
monia, can  be  replaced  by  acid  residues,  giving  rise  to  mixed  amides. 

General  Methods  of  Formation. — (i)  The  dry  distillation  of  the 
ammonium  salts  of  the  acids  of  this  series.  A  more  abundant  yield 
is  obtained  by  merely  heating  the  ammonium  salts  to  about  230** 
(B.  15,  979),  (Kiindig,  1858).  (This  method  was  first  applied  (1830) 
by  I^umas  to  ammonium  oxalate  with  the  production  of  oxamide). 
This  procedure  is  adapted  to  the  preparation  of  volatile  amides : 

CjIIjO .  O .  NH^  =  CjUjO .  NH,  +  H,0. 
Ammonium  Acetate  Acetamide. 

A  mixture  of  the  sodium  salts  and  ammonium  chloride  may  be  substituted  for  the 
ammonium  salts.  Consult  B.  17,  848,  upon  the  velocity  and  limit  of  the  ataide 
production. 

(2)  The  action  of  ammonia,  primary  and  secondary  amines  upon 
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1834,  ubiait 


the  esters  (by  this  procedure  Liebig, 
oxabc  ester} : 

CH,CO .  O ,  C,H,  +  NH,  =  CH,CO .  NH,  +  C,H, .  OH 

_  C,U,0    NH  +C,Ht.OH. 


2C3 
■d  oxamide  frum 


CH,C0.0.C,H5  +  C,H,. 


Ethyl  A< 


."> 


I 

r 


This  U  a  reactioD  Ihil  frequenlty  takes  place  [n  ibe  cold  ;  it  is  best,  however,  to 
apply  beai  to  ihe  alcobolic  solulioo. 

Il  is  oDc  or  ibe  so-called  rereisible  reaclrnns,  inasmach  as  the  action  of  alcohols 
upon  acid  amides  again  produces  esters  and  ammoaia  (B,  ai,  14). 

(3)  By  the  action  (a)  of  ad/i  haloids,  (F)  of  acid  anhydrides  upon 
amiuonia,  primary  and  secondary  alkylaraines.  (This  method  Uebig 
atid  VVohler  first  used  in  183a  to  prepare  benzamide  from  benzoyl 
chloride.): 


=  CH,.CONH, -f-NH^a 

Acclpmide 
=  CH, .  CONH ,  C,Hi  +  N(C,H,)HCI 

Eitayl  Aceomldc 

CH,.C0C1  -i-  aNH(C,El,),  =  CH,,CON(C,HJ,  4-  N(C,ir,),H,a 
Diethyl  Acetamide. 


(3fl)  CH, ,  COCl  +  2NH,  -- 
CH,.COCI  +  iNH,C,Hj  = 


This  method  is  especially  well  adapted  for  obtaining  the  amides  of 
the  higher  fatly  acids  (B.  15,  1 728) : 


(4)  The  addition  of  one  molecule  of  water  to  the  nitriles  of  the 
acids: 

CH, .  CN  +  H,0  (iSo")  =  CH, .  CO .  NH,. 


X; 


This  addition  of  water  ftcquenily  occurs  Id  the  cold  hy  ihe  action  of  concentrated 
hydrochloric  add,  or  lijr  mixing  the  nitrite  with  glacial  acetic  icid  and  concenlratrd 
sulphuric  acid  (B.  to,  1061).  Hj^rogen  peroxide  in  alkaline  solution  also  converts 
the  nitriles,  with  lilwration  of  oxygen,  into  amides  (B.  tS,  35s).     Kor  the  action  of 

hydrocbloric  acid  upon  a  mixture  of  nitrile  and  ratty  acid  see  (a)  formation  of  acid 

^1         chlorides, 

^h  (5)  The  diilillation  of  the  fatty  Acldi  with  potassium  sulphocjranide : 

I 

L 


jCjHjO.OH  +  CN.SK  =  C,HjO.NH,  +  C,H,O.OK  +  COS. 

Simply  heating  the  mixture  is  more  practical  (B,  16,  2291 ;  15,  97S).  In  making 
icetaniide  glacial  acetic  acid  and  ammonium  sulphocyanide  are  healed  together  for 
aereral  days.     In  this  reaction  the  aromatic  acids  yield  nitriles. 

(6)  By  Ihe  inlenction  of  fatly  acids  and  carbylaminis  (p.  236)  : 

aCH,.COOH  +  C:N.CH,  = 

(7)  By  the  action  of  the  faiiy  acids  upon  imcyanic  acid  nitrs  [see  these) : 
CH, .  COOH  +  CON .  C,H,  =  CH, .  CONHC,H,  +  CO,. 


264  ORGANIC  CHEMISTRY. 

SffoMi/ary  and /er/iary  amides  are  obUuned  (l)  by  headng  primaiy  acid  amides 
(B.  23,  2394).  the  alkyl  cyanides  or  nitriles  with  acids,  or  acid  anhydrides,  to  200**: 

CH,.  CONH,  +  (CHjCO^jO  =  (CH,.  CO),NH  +  CH,.  CXX)H 

CHjCN  +  CH,.  COOH  =  (CH,CO),NH 

Diacetamide 

CH, .  CN  +  (CH,CO),0  =  (CH,CO),N. 

TriaceUmide. 

(2)  The  secondary  amides  can  also  be  prej>ared  by  heating  primaiy  amides  with 

dry  hydrogen  chloride : 

2C,H,0 .  NH,  +  HQ  =  (C,H,0),NH  +  NH^Q. 

Diacetamide. 

(3]  Mixed  amides  are  further  produced  by  the  action  of  esters  of  ordinary  isocyanic 

acid  upon  acid  anhydrides : 

CO :  N .  C,H5  4-  (C,H,0),0  =  ^%>^ .  C,H,  +  CO,. 

Ethyl  Diacetamide. 

Properties  and  Behavior, — ^The  amides  of  the  fatty  acids  are  usually 
solid,  crystalline  bodies,  soluble  in  both  alcohol  and  ether.  The 
lower  members  are  also  soluble  in  water,  and  can  be  distilled  without 
decomposition.  As  they  contain  the  basic  amido-group  they  are 
able  to  unite  directly  with  acids,  forming  salt-like  derivatives  (e.  g.^ 
C.HaO .  NH, .  NOaH  and  (CH,CO  .  NH,), .  HCl),  but  these  are  not  very 
stable,  because  the  basic  character  of  the  amido-group  is  strongly 
neutralized  by  the  acid  radical.  Furthermore,  the  acid  radical  imparts 
to  the  NHj-group  the  power  of  exchanging  a  hydrogen  atom  with 
metals,  e.  j^.y  mercury  or  sodium  (B.  23,  3037),  forming  metallic 
derivatives,  e.g.,  (CH, .  CO  .  NH), .  Hg — mercury  acetamide,  analo- 
gous to  the  isocyanates  (from  isocyanic  acid,  CO :  NH),  and  the  salts 
of  tlie  imides  of  dibasic  acids. 

The  union  of  the  amido-group  with  the  acid  radicals  (the  group 
CO)  is  very  feeble  in  comparison  with  its  union  with  the  alkyls  in 
the  amines  (p.  159).  The  amides,  therefore,  readily  absorb  water 
and  pass  into  ammonium  salts,  or  acids  and  ammonia,  (i)  Heating 
with  water  effects  this,  although  it  is  more  easily  accomplished  by 
boiling  with  alkalies  or  acids.  This  is  a  reaction  which  is  not  infre- 
quently termed  saponification  (p.  239). 

Cllj, .  CO .  NH,  +  H,0  =  CH, .  CO .  OH  +  NH,. 

Acid  amidcjs,  sni)onifying  with  difficulty,  are  dissolved  in  sulphuric  acid,  and  to 
this  cold  solution  sodium  nitrite  is  added  (B.  28,  2783). 

(2)  Nitrous  acid  decomposes  the  primary  amides  similarly  to  the 

primary  amines  (p.  166): 

C2H3O .  NH,  +  NO,H  r^  C,H,0  .  OH  -f  N,  -f  II,0. 

(3)  Bromine  in  alkaline  solution  changes  the  primary  amides  to 
bromamides  (B.  15,  407  and  752)  : 

CjH,0  .  NH,  -I-  Br,  =  C,H,0  .  NHBr  +  HBr, 
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which  then  form  amines  (ji,  163).     (4)  On  heating  with  phosphorus 
penioxide,  or  with  ihe  chloride,  ihey  part  with  one  molecule  of  water 
and  become  nitdles  (cyanides  of  the  alcohot  radicals) : 
Ci£, ,  CO .  NH,  =  CH, .  CN  +  H,0. 

In  Iliii  aclion  a  re  placemen  I  of  an  oiygen  atum  by  two  chlorine  atoms  likes  place; 
the  resulting  chlorides,  like  CH,.  CCl,,  NH,,  then  lose,  upon  further  heuling,  iwo 
molecules  of  CIH  wilh  [he  fonnalioa  of  nitriles. 


I 


Fonnamide,  H .  CONH,.     Sec  p.  227. 

Acctamide  [Ethanamide],  CH.CO .  NH„  crystallizes  in  long 
needles,  melts  at  82-83°,  and  boils  at  221"  un decomposed.  It  dis- 
.  solves  with  ease  in  water  and  alcohol.  In  explaining  the  methods  of 
producing  the  amides,  and  in  illustrating  their  deportment,  acetamtde 
was  presented  as  the  example.  Dumas,  Leblanc,  and  Malaguii  first 
prepared  it  in  1847,  by  allowing  ammonia  to  act  upon  acetic  ester. 

AcelmilkylnpiUi^,  CH,  .  CONHCH,,  melts  at  23°  »rid  boils  at  406°  ;  acetJi'iiflkyl- 
amUe,  CH,-CO.  N(CH,),.  boils  at  165.5";  ateltlhylamidc  boils  at  205";  .uti- 
Oift/tylamiitf  boils  at  iSs-lSe".  Mrlkylinc  dianlamide.  CH,(NHCOCH,|,,  melts 
at  156"  and  boils  «i  288"  (B.  as.  310).  Chhrala<:tlamidt.  Ca,CH(OH)NHCOCH„ 
melts  at  117°  (B.  JO.  16S).  Acctamide  and  butytchloral  yield  two  iiomcric  com- 
pounds melting  at  158°  and  170'' respectively  (B.  25.  1690). 

Diaettamidt,  (C,H,0),NH,  la  readily  soluble  id  water,  fuses  at  77°,  sod  boils  at 
312.5-223.5'.      (Pirpanition,  p.  264.) 

Methyldiactlamide,  (CH,CO),N .  CH,.  boils  at  igi".     Elhyldiacflamidt  boils  Bt 

,  7>w^rfa«HO>,(C,H,0),N,  melts  at  78-79".     (Preparation,  p.  264.) 

L       AiMthhramidt,  CtljCUNHa,  melts  at  110°. 

I       ^ff/^fffliamK/f,  CH,CONHBr  +  H,0.  formslargc  plates,  and  melts  in  an  anby 

|drous  conUilion  at  108°  {B.  33,  2395). 

Higher  homolagons  primary  And  Amida  : 

Propionamide  melts  at  75°  and  boils  at  210". 

n-Bulyramide  (uses  at  115°  and  Ixjils  at  116°.  Isobutyramidc  fuses  at  128°  and 

n-Valeramide  fuses  at  114-116''. 

TrimethyUcetamide  melu  at  155-15+"  and  boiU  at  212°;  n-Capronamide 
melts  :il  too"  and  boils  at  225";  Methyl -n-propylacetainide  melts  at  95": 
Metbyl-iEopropylacetBinide  melts  at  129°^  Isobutylacctamide  melts  at  t2o"; 
Diethyl  acctamide  melts  at  105°  and  UiiU  at  230-255"  ;  CEaanthamide  melts  at 
95°  and  boils  at  250-25S" ;  n-Caprylamide  melts  at  105 .106°  ;  Pclargonamide 
melts  al  92-93"  ;  nXaprinamide  melts  at  98". 

Lauramide  fuses  at  102°  and  boils  at  199-200"  (12.5  mm,| ;  Tridecylamide 
melts  at  98.5°  i  Myriatamide,  at  102",  and  boils  at  217"  (12  mm  | :  Palmitaroide. 
1  106",  and  boils  at  235-236°  (l2  mm.) :    Slearamide  melts 


boils  at  250-251"  (12  ram.)  (B.  15.977.1729;   19.1433;  24,  2781 ; 


iG,  2840). 


I.  AGIO  HYDRAZIDBB. 
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8.  THE  PATTY  ACID  NITRILB8  OR  ALKYL  CYANIDB8. 

These  are  compounds  in  which  one  carbon  atom,  combined  with  an 
alkyl  group  R'.C=,  a  residue  present  in  every  fatty  acid,  replaces  the 
tlirce  hydrogen  atoms  of  ammonia,  ^.^.,CH,C  =  N,  acetonitrile.  It  is 
true  thai  in  the  nitrile  bases  (tertiary  amines  and  amides)  the  nitrogen 
atom  is  also  joined  with  three  valences  to  carbon,  but  three  alkyl 
residues  are  in  union  with  three  different  carbon  atoms. 

The  acid  nitriles  are  also  called  alkyl  cyanides y  because  they  can  be 
viewed  as  alkyl  ethers  oi  hydrogen  cyanide,  H.  C  =  N. 

Being  intermediate  stei)s  in  the  synthesis  of  the  fatty  acids  from  the 
alcohols,  these  nitriles  merit  especial  consideration. 

The  following  general  methods  answer  for  their  preparation  : 

(i)  NuiUus  synthesis  from  the  alcohols  ;  (a)  by  heating  the  alkyl- 
ogens  with  potassium  cyanide  in  alcoholic  solution  to  loo^  ;  (^)  by 
distillation  of  a  potassium  alkyl  sulphate  with  potassium  cyanide 
(hencx*  the  name  alkyl  cyanides)  : 

(I.;)  CjIIJ  4-  CNK  =  C^Hs-CN  -h  KI 

{lb )  S(\<^«"*  -h  CNK  =  CjHj .  CN  4-  K^O^. 

Isocvrtiiides  (j).  235)  form  in  slight  amount  in  the  first  reaction.  For  their  re- 
ni(»v:\l  sliakr  tlu'  distillate  with  aqueous  hydrochloric  acid  until  the  unpleasant  odor 
(if  the  iMu  Nanidrs  has  disapj)eared,  then  neutralize  with  soda  and  dry  the  nitriles 
with  calriuin  chloride. 

(2)  l>y  h«  atin^  alkyl  isocynnides  or  alkyl  carhylamines  (p.  237) : 

CII, .  CH, .  NC  ->  CIIjCHjCN. 

(3)  The  dry  distillation  of  ammonium  salts  of  the  acids  with  PjO^, 

or  some  other  dehydrating  agent  : 

CIIj.CO.O.NH^  —  2H,0  ==  CUj.CN. 
Ammonium  Acetate  Acetonitrile. 

This  ineihod  of  production  cxjjlains  why  these  cyanides  are  termed 
aeid  nitriles.  The  corresponding  acid  amide  is  an  intermediate 
proiluct. 

(4)  \\\  the  removal  of  water  from  the  amides  of  the  acids  when 
these  are  heated  with  PaOs,  P2S5 — or  |)hosphoric  chloride  (see  amid- 
chlorides,  j).  268)  : 

CIIj.CO.  Nil,  +   VC\  -^    CIIs-CN -f  PCXlj  4-  2HCI 
5(113.  CO.  Mi,   }    P,S,  -sCHj.CN   f   }\(\     -|-5",S. 

(5)  Primary  amines,  containing  more  than  five  carbon  atoms,  are 
nverted,  by  caustic  potash  and  bromine,  into  nitriles: 


CO 


::iI,Nn2  -f-  2l?r,  +  2K()H  =  C7lI,5CH,NP.r,  -I-  2KHr  +  2ILO 
CVI,5Cn,MJr.,  +  2K()Ii  r=C,II,5CN  +  2KBr  -f  2H,0. 
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As  the  primary  amines  can  be  obtained  from  acid  amides  containing 
a  carbon  atom  more,  these  reactions  will  serve  for  the  breaking-down 
of  the  fatty  acids  (p.  243). 

beoled  wilh   nctlic  anhydiid?   or  with 

CH.CH  =  N .  OH  +  {CH,CO),0  =  CH,C^N  +  2CHi .  CX30H. 

(7)  On  the  nppticBtion  ol  heat  to  cyaoacetic  acid  and  alkyliud  cyanacetic  acid 
ni^riles  result : 

CN .  CH, .  CO,H  =  CN  .  CH,  -f  CO,. 

The  uitriles  occur  already  formed  in  bone-oils. 

Histotieal. — Pelouzc  (1834)  dbcovcred  piopionilriJe  on  disliUing  barium  ethyl 
sulpbate  wilh  potassium  cyanide  (A,  10,  249).  Dumas  (1S47I  oliluined  actlDiiilrile 
liy  distilling  animoniuni  acetate  alone,  or  with  P,0,;  'lie  same  occurred  wilh  the 
lalLer  reagent  and  acelamlde  (p.  265}.  Dumas,  Maiaguli  and  Lcblnnc  [A.  64,  334) 
on  ihe  one  hand,  and  Krankinnd  and  Kolbe  (A.  65,  269,  2S8,  399)  on  Ihe  olher, 
detnonsirated  |I847)  the  conversion  of  the  nitriles  into  iheir  conespondins  acids  liy 


Properlies  and  Be/iafiar.—The  nitriles  are  liquids,  usually  insoluble 
in  water,  possessing  an  ethereal  odor,  and  distilling  without  deconiim- 

Tlieir  reactions  are  based  upon  the  easy  disturbance  of  the  triple 
union  between  nitrogen  and  carbon.  They  are  mostly  additive  reac- 
tions. Aa'i/  nilriUs  may  be  viewed  as  unsaturated  (ompounds,  in  the 
same  sense  as  aldehydes  and  ketones  (pp.  38, 187).  Their  neutral  char- 
acter distinguishes  them  from  prussic  acid,  the  nitrile  of  formic  acid. 
In  respect  to  this  transposition  of  their  C=N-group  they  resemble  the 
nitrile  of  formic  acid. 

(I )  Nascent  hydrogen  conrerls  them  into  pritnary  amines  (Mendius).  This  reduc. 
tion  i.^  moil  easily  accompli  shed  by  means  of  melallic  jodium  and  ubiiolute  alcohol 
([).  aa,  S12), 

(3)  The  nitriles  can  unite  wilh  ihe  halogen  hydrides,  forrning  amide  and  imide 

(3}  Under  the  influence  of  concentrated  sulphuric  acid  they  lake 
up  water  and  become  acid  amides  (p.  262).  When  heated  to  100" 
with  water  the  acid  amides  first  formed  absorb  a  second  molecule  of 
water  and  change  to  the  fatty  acid  and  ammonia.  The  nitriles  are 
more  readily  saponified  by  heating  them  with  alkalies  01  dilute  acids 
(hydrochloric  or  sulphuric  acid).    Esters  are  produced  when  the  acids, 

a  solution  of  absolute  alcohol,  act  upon  the  nitriles. 
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(6)  With  monobasic  acids  and  acid  anhydrides  they  yield  secondary  and  tertiary 
amides  (p.  264). 

(7)  The  nitriles  become  amidines  with  ammonia  and  the  amines  (p.  270). 

(8)  Hydroxylamine  unites  with  them  to  form  amidoximes  (p.  271).  Metallic 
sodium  induces  in  them  peculiar  poljrmerizations.  In  ethereal  solution,  dimolecolar 
nitriles  result :  imides  of  ^-ketonic  nitriles.  All  these  reactions  depend  apon  the 
additive  power  of  the  nitriles,  the  triple  carbon-nitrogen  union  being  broken.  If, 
however,  sodium  acts  upon  the  pure  nitriles  at  a  temperature  of  150^  the  products  are 
trimoUcular  nitriles ^  so-called  cyanethines  (see  these ),/>^n'miV/m^  derivatives: 

2CH,CN—    -      >  CH, .  C(NH) .  CH, .  CN 

Imiao-acetic  Nitrile 

N— C(CH,)=N 

3CH,CN  -       -  >  c^j^  C-CH C .  NH,. 

Cyanethine  (see  this). 


Acetonitrile,  Methyl  Cyanide  [Ethan-nitrile],  CH,.  CN,  melts  at 
— 41°  C,  boils  at  81.6°,  has  a  specificgravity  of  0.789  (15**),  and  is  a 
liquid  with  an  agreeable  odor.  It  is  usually  prepared  by  distilling 
acetamide  with  P^Oj.  Consult  the  general  description  of  acid  nitriles 
for  its  methods  of  formation,  its  history  and  its  transposition  reac- 
tions. It  may,  however,  be  mentioned  here  that  acetonitrile  can  be 
produced  from  prussic  acid  and  diazomethane  (B.  28,  857). 

Higher  Homologous  Nitriles. — Propionitrile,  Ethyl  Cyanide  [Propan- 
nitrile],  ('.^H^.  CN,  boils  at  98°.      Its  specific  gravity  equa's  0.801  (0°). 

n-Butyronitrile  boils  at  1 18.5®,  and  has  the  odor  of  bitter-almond  oil.  Iso- 
butyronitrile  lx)ils  at  107°.  n- Valeronitrile  boils  at  140.4® ;  isopropylacetonitrile 
l)oilsat  129°;  methyl-ethylacetonitrile  boils  at  125°;  trimethylacetonitrile  melts 
at  15-16°  and  boils  at  105-106°.  Isobutylacetonitrile  boils  at  154**;  dicthyl- 
acetonitrile  boils  at  144-146°;  dimethyl-ethylacetonitrile  boils  at  128-130° ; 
n  cenanthylnitrile  boils  at  175-178°;  n-caprilonitrile  boils  at  198-200°;  pelar- 
gonitrile  boils  at  214-216°;  methyl-n-hexylacetonitrile  boils  at  206°;  lauro- 
nitrile  lx)ils  at  198°  (100  mm.);  tridecylonithle  boils  at  275°;  m3rristonitrile 
melts  at  19°  and  boils  at  226.5°  ('^o  mm.) ;  palmitonitrile  melts  at  29°  and  boils 
at  251.5°  (100  mm.) ;  cctyl  cyanide  melts  at  53°  ;  stearonitrile  melts  at  41°  and 
boils  at  274.5°  (100  mm.). 

Several  cla.sses  of  compounds  bear  genetic  relations  to  the  acid  amides 
and  nitriles,  but  these  will  be  considered  after  the  nitriles. 


9.  AMID-CHLORIDES  and  zo.  IMID-CHLORIDES  (Wallach,  A.  184,  x). 

The  amid -chlorides  are  the  first  unstable  products  arising  in  the  action  of  PQ^ 
ujKJii  acid  amides.  They  part  wiih  hydrochloric  acid  and  become  imid-chlorideSy 
which  by  a  further  separation  of  hydrochloric  acid  yield  nitriles : 

^O  '  \ci  '  \ci 

Acetamide  (Acetamid-chloride)         (Acetimid-chloride)  Acetonitrile. 
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.NH 
13.  AMIDINES,  R.C^  (A.  Z84,  121;    193,46). 

The  amidines,  containing  an  amid-  and  imid -group,  whose  hydrogen  atoms  are 
replaceable  ))y  alkyls,  maybe  considered  derivatiTes  of  the  acid  amides,  in  which  the 
carlx)nyl  oxygen  is  replaced  by  the  imid-group : 

CHg .  CONH,  CH,C(NH  )NH,. 

Acetamide  Acetamidine. 

They  are  produced : 

(i)  From  the  imidchlorides  and  thiamides,  by  the  action  of  ammonia  or 
amines. 

(2)  From  the  nitriles  by  heating  them  with  ammonium  chloride. 

(3)  From  the  amides  of  the  acids  when  treated  with  HCl  (B.  15,  208): 

2CH3 .  CO .  Nil,  ^  ClljCf         +  CH, .  CO,H. 

^NH, 

(4)  From  the  imido-ethers  (p.  269)  when  acted  upon  with  ammonia  and  amines 
(B.  16,  1647;   17.  «79)- 

i  he  amidines  are  mono-acid  bases.  In  a  free  condition  they  are  quite  unstable. 
The  action  of  various  reagents  on  them  induces  water  absorption,  the  imid-group 
splits  off,  and  acids  or  amides  of  the  acids  are  regenerated. 

.i-Ivetonic  esters  convert  them  into //r////iV//««,  ^.^.,  acetamidine  hydrochloride 
and  aceto  acetic  ester  yield  dimethyl-ethoxypyrimidine^  melting  at  I92®  (compare 
jx)lym.  acetonitrile,  p.  268) : 

/NH        COCH,  xN— CT CH, 

CllaCr'          -f-   .                              =CH3Cf          ^CH  +2H,0. 

^NII,       CIIj.CO.OC.Hj  ^N^C^- OCjHj 

Formamidine  (p.  232). 

Acetamidine  (Acediamine),  EthenylamiJine^Q\\jZ{^}^^'H\\.  Its  hydrochloric 
acid  salt  melts  at  163°.  The  acetamidine,  separated  by  alkalies,  reacts  strongly 
alkaline  and  readily  breaks  up  into  NHj  and  acetic  acid. 

^N .  OH 
14.  HYDROXAMIC  ACIDS,  R  .  C^ 

^OII 

These  are  produced  when  free  hydroxylamine,  or  its  hydrochloride,  is  allowed  to 
act  u|>on  acid  amides,  esters  and  acid  chlorides.  They  contain  the  isonitroso  group 
in  the  place  of  the  carbonyl  oxygen  (B.  22,  2854)  : 

,N .  OH 
Clla.CO.  XII,  -h  Nil,.  OH  =CH^.C^  -|-  NH,. 

^OH 
Acet-hydroxamic  Acid. 

They  arc  crystalline  compounds,  acid  in  character,  and  form  an  insoluble  copper  salt 
in  ammoniacal  copj^er  solutions.  Ferric  chloride  imparts  a  cherry-red  color  to  both 
their  acid  and  neutral  solutions. 

Acet-hydroxamic  Acid,  CH, .  C(N  .  OH)  .  OH,  with  }4Ufi,  melts  at  590.      It 
dissolves  very  easily  in  water  and  alcohol,  but  not  in  ether. 

^N .  OH 


15.  NITROLIC  ACIDS,  R  .  C;f  (p.  157). 


NO 


2 


As  these  bodies  are  genetically  related  to  the  mononitro-paraffins,  they  have  already 
been  discussed  immediately  after  them. 


Eibenyl-aiDidoxiiDe,  CH, 


Hcplcnyl-amidoximc  melu  at  48-49°  (B.  s;,  R.  6^7).  Lsurin- 
mcUs  HI  91-92. 5".  Mycistin-amidoxlme  niells  a(  97'.  Palmitin- 
uelis  &t  101.5-102°.     Stearin -amid  on  ime  melts  at  106-106.5*  (B. 


iibeai 


ic  deriv, 


e  discussed  we  shall  again 


longing  to  the  ctusses  which  have  just  been  i 
imiJa  tthrrs,  thiamiJei,  amidines,  hydrexamk  adds  and  amiditxitnes.  The 
aromalic  primiuy  amines,  e.g.,  aniline  and  foim'dine,  are  not  only  prepared  [echnj- 
cally  on  a  large  scale,  but  tbey  are  more  readily  accessible  than  the  primary,  aliphatic 
bases,  and  are  more  eauly  handled  because  of  their  slighter  Tolatilily.  Beginning 
with  Ihem,  phenylated,  etc..  deriialives  of  the  atipbstic  i mid  chlorides  have  been 
prepored.  On  the  other  hand,  benmic  acid  and  its  homologues  are  excellent  material 
for  llie  study  of  the  carboxyl  derivaliTes  of  a  monocarboiylic  acid.  This  acid  im- 
parts the  power  of  cryslilliution  to  many  of  its  compounds,  and  that,  again,  renders 
eaty  the  work  with  them.  Hence,  the  corresponding  aromatic  derivatives  tuppte- 
^M  ment  the  aliphatic  im  id -chlorides,  etc. 

^H  sai 

t 


I 


HALOGEN  SUBSTITUTION  PRODUCTS  OF  THE  PATTY  ACIDS. 


The  reactions  leading  to  the  s 


tilted  fatty  a 


liartly  the 


same  as  those  eiii|<loyed  in  the  fonnation  of  the  haiogen  s 
products  of  the  paraffins. 

^I)  Direct  lutililulien  cf  the  hydrvgm  of  ihe  hydrocarbon  residue,  joined  t( 
.yl,  by  halogens. 

a\  Chlorine  in  sunlight,  or  with  (he  addllion  of  water  and  iodine,  ar  sutphu 
aj.  K-  797).  or  phospliorus  (B.  >4,  1109). 


(B. 
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(6)  Bromine  in  sunlight,  or  with  the  addition  of  water  in  a  closed  tube  at  a 
more  elevated  temperature,  or  with  the  addition  of  snlphur  (B.  25,  3311),  or  pbf»' 
phorus  (H.  24,  2209). 

(r)  iodine  with  iodic  acid,  or  brom-fatty  adds  with  potaasium  iodide. 

The  actW  cMorides^  bromides^  or  iuid  anhydrides  are  more  readily  sabstituted  than 
the  free  acids.  When  chlorine  or  bromine,  in  the  presence  of  phosphanis,  acts 
u)X)n  the  fatty  acids  (method  of  Hell-Volhard),  acid  chlorides  and  bromides  result; 
these  then  are  subjected  to  substitution.  The  final  products  are  halogen-acid  chlo- 
rides or  halogen-acid  bromides : 

3CH,  .  CO,H  +  P  +  iiBr  =  3CH,Br .  COBr  +  HPO,  +  sHBr. 

However,  substitution  only  t^kes  place  in  a  mono-alkyl  or  dialkyl-acetic  acid  at 
the  a-carlx>n  atom.  Hence,  trimethylacetic  acid  cannot  be  chlorinated  or  brominated. 
Consequently  the  deportment  of  a  fatty  acid  towards  chlorine  or  bromine  and  phos- 
phorus indicates  whether  or  not  a  trial kyl- acetic  acid  is  present  (B.  24,  2209). 

(2)  Addition  of  Haloid  Acids  to  Unsaturated  MonocarboxyKc  Acids. — The  halogen 
enters  at  a  |)oint  as  far  as  possible  from  the  carboxyl  group,  e.g, : 

f  —  -'>  CHjCl .  CH, .  CO,H       /S-Chlor- ) 
CH, :  Cli .  CO,H  ]  -^L^L^  cH,Br .  CH, .  CO,H       /J-Brom-  \ propionic  acid. 
Acrylic  Acid         {  -^L^  CH,I  .  CH,.  CO,H  /3-Iodo-  J 

(3)  Adiiition  0/  I/a /ogens  to  Unsaturated  MonocarbifxyUc  Acids. — Whenever  possible 
the  chlorine  is  allowed  to  act  in  a  CCI4  solution.  Bromine  often  adds  itself  without 
the  help  of  a  solvent,  and  also  in  the  presence  of  water,  CS^,  glacial  acetic  acid  and 

chloniform. 


Hvilrarrylic     CII,(OH)CH,CO,n  -"j^^>  CH^G  .  CH,  .  CO,H       ^^hlo^proplonic 


(4)  Action  of  the  haloid  acids  {a)  upon  oxymonocarboxylic  acids: 

Irarr 
Acid 

Lactic  Acid:     CIl3CII(0H)C0,II  "^^CH,CHBrCO,H       o-Brompropionlc  Acid 
Glyctiic  Acid  :  CH,(OH)CII(On)CO,H    "-^  CH,I .  CH, .  CO,H    ^^^JP'JJPlo'^ic 
(4/')  Upon  lactones,  cyclic  anhydrides  of  y-  or  (^-oxyacids : 

nxj      riT  f-   "^'     >     CH,Br .  CH,  .  CH,  .  CO,H 

Ltl^ .  Lll,  1  y-Brombulyric  Acid 

CI  I., .  CO  -^      (  _    I". ^    CH,I .  CH, .  CH, .  CO,H 

Y-Iodobutyric  Acid. 

(5)  Action  of  the  phosphorus  haloids,  particularly  PCI5,  upon 
oxymonocarboxylic  acids.  The  product  is  the  chloride  of  a  chlorin- 
ated acid,  which  water  transforms  into  the  acid : 

CH3.  ciioH .  coon  +  2PCI5  -^  CH3.  CHCi .  coci  -f  2Poa,  -i-  2Ha. 

Lactic  Acid  a-Chlorpropionyl  Chloride. 

Furthermore,  halogen  fatty  acids  are  obtained  like  the  parent  acids 
(6)  by  the  oxidation  of  chlorinated  alcohols  or  aldehydes  (p.  197)  with 
nitric  acid,  chromic  acid,  potassium  permanganate  or  potassium 
chlorate  (B.  18,  3336): 

'^^IxxUx^^"  CH,C1.  CHCI.  CH,OH  -^  CH,C1.  CHCI. CO,H    pr^iS2?cASd 
Chloral :  CCl,  .  CHO    >  CCl,  .  COOH  '^"^AdSu'*"'' 
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(7)  Bj  tbe  Bclion  of  halngen  hydridn  upon  diazo-fRtty  acid 
Lcid): 

CHN, ,  CO, .  C,Hi  +  HCl  =  CH,a .  CO.C.Hj 


(8)  When  the  halogens  act  upon  diazo-fatly  acid  esters : 
CHN,CO,C,H(  +  I,  =  CHI,CO,C,H,  . 


N,. 


Isomerism  and  Nomendature. — Siruciurally,  isomeric  halogen  sub- 
stiliition  products  of  [he  fatty  acids  are  first  possible  with  propionic 
acid.  To  indicate  the  position  of  the  halogen  atoms,  the  carbon 
atom  to  which  the  carhoxyl  group  is  attached  is  marked  a,  while  the 
other  carbon  atoms  are  successively  called  ^,  y,  &,  e,  etc.  The  two 
nionochlorpropionic  acids  are  distinguished  as  a-  and  ^-chlorpropi- 
onic  acids,  while  the  three  isomeric  dichlorpropionic  acids  are  the 
BQ",  fi^-  and  II/9  dichlorpropionic  acid,  etc. 

Deportment. — The  introduction  of  substituting  halogen  atoms  in- 
creases the  acid  character  of  the  fatty  acids.  The  halogen  fatly  acids, 
like  the  parent  acids,  yield,  by  analogous  treatment,  esters,  chlorides, 
anhydrides,  amides,  nitriles,  etc. 

Transpositions. — (1)  Nascent  hydrogen  causes  the  halogen  substitu- 
tion products  of  the  fatty  acids  to  revert  to  the  parent  acitls — retro- 
gressive substitution. 

The  transpositions  of  the  monohaloid  fatty  acids,  which  bear  the 
same  relation  to  the  alcohol  acids  or  oxyacids  as  the  alkylogens  sustain 
to  the  alcohols,  are  especially  im[iortant.  In  both  classes  the  halogen 
atoms  enter  the  reaction  under  similar  conditions, 

(3]  Boiling  water,  caustic  alkali,  or  an  alkaline  carbonate  solution 
generally  brings  about  an  exchange  of  hydroxyl  for  the  halogen  atom. 

However,  in  nionohalogen  products,  tbe  position  of  the  halogen  atom,  witfa  refer- 
ence 10  eatboxirl,  will  materislly  aHcct  the  course  of  the  reaction:  a-halogen  aciils 
yield  a-oxyacids.  ;?-ha!oid  acids  split  off  the  haloid  acid  and  become  unwiuraied 
acids ;  y-hidoeea  acida,  on  the  contrary,  yield  >-oiyacids,  which  readily  yield  laclones 
(B.  319.312)! 


I 
I 


CH,a ,  COOH 

CH,CI,CH,.COOH 

CH,a,CH,.CH,.COOH 


HiQ 


■>  CH,(OH)CO,H 
— 5-ai,-CH.C0,H 


— J-CH,0'.CH,.CH,(!;0. 


fj)  Ammonia  converts  the  halogen  fatty  acids  into  amido-acJds. 

Nueleus- synthetic  Reactions. — (4)  Potassium  cyanide  produces  cyan- 
fatty  acids — hatf-nitrile  fatty-acids,  which  hydrochloric  acid  changes 
to  dibasic  acids.     They  will  be  considered  after  the  latter: 


CH,a.CO,H 


>  ^"■<ct?    - — - 

Cyanacelic  Acid 


^   CH,<^ 


T%e  monohalogen  acids  furnish  a  means  of  building  ufi  the  dicarhonic 

acids  frmn  the  monocarboxylic  acids. 
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(5\  I^itiirhoxylii  anWs  liave  been  obtained  from  monohalogen  cmrboxylic  adds 
l)\  incuiis  of  nu'tals  (Ag) : 

=cn,icn.co,n  +  »Ag  =  ^f  • ;  ^«; ;  ^''^  +  ,Agi. 

Adipic  Acid. 

(6)  and  (7)  The  esters  of  the  mono-haloid  fatty  acids  have  been  applied  in  the 
lin Ic  of  ihc  accto-acctic  ester  and  malonic  ester  syntheses,  and  as  results  we  have 
f^-kcioiu*  ilicnrlioxylic  acids,  /Mcetone-tricarboxylic  acids,  and  tricarboxylic  and  tetra- 

curlHixylic  acids. 

Substitution  Products  of  Acetic  Acid. 

C/i/orin^  SuostitutioM  Products, — The  relations  of  the  three  cbloracetic  acids  to 
the  oxygen  derivatives,  whose  anhydrides  they  maybe  considered,  are  evident  in  the 

following  talmlaiion  (comi)are  pp.  125,  199)  : 

MoiuK-hloracetic  .\cid,CIl,Cl .  CO,U,  corresponds  to  Glycollic  Acid,  CH,OH  .  CO,H 
1  )iililorarctic  Ai  id,       CI  U  I, .  CO-H,  corresponds  to  Glyozylic  Add,  CHO .  CO.H 
Tricliloractiic  .Aritl,     CC1, .  CO,H,   corresponds  to  Oxalic  Acid,      CO,H  .  GO,H. 

Monochloracetic  Acid,  CH^Cl.CO^H,  melts  at  62^  and  boils  at  185-187^. 
Afu-r  fu>ion  it  solidilies  to  an  unstable  modification,  melting  at  52®.  This  slowly 
n*vcrt>  siMtiuaiu'ouNly  to  the  ordinary  acid  (H.  a6,  R.  381).  Its  sodium  and  silver 
sah««,  on  the  appliialinn  of  heat,  yield  poiyglycolide. 

When  inonoihloracftic  acid  is  heated  with  alkalies  or  water,  the  chlorine  is 
ri'|)Iaced  by  the  hydroxy!  gnmp,  and  we  get  oxyacetic  acid  or  glycollic  acid 
(C^Ii^^Ol I )(),).  A inido  acetic  acid,  CH,(NH,) .  CO,H,  or  glycocoll,  results  when 
the  inonoi  liloracid  is  <iigcsted  with  ammonia. 

The  ff'iy/  ,'sfrr  boils  al  143.5®. 

Tlic  i///<>r/,/t'  \k)\\s  at  io^»°  ;  the  bromide^  at  127® ;  the  anhydride  melts  at  46^  and 
hulls  at  110°  (II  mm.)  (H.  27,  2949);  the  amide  melts  at  Ii6°  and  boils  at  224- 
225°;  tlic  ^//////f  hoils  at  124°. 

Dichloracetic  Acid,  ClICl^.CO^H,  is  produced  when  chloral  is  heated  with 
C'NK  or  lotassiiim  ferrocyanide  an<l  some  water.  If  alcohol  replace  the  water, 
ilitldnracetic  e>ter.s  arc  formed.  The  prussic  acid  in  the  presence  of  chloral  effects  a 
dccouii>osition  of  water  into  its  components  (H.  10,  2124): 

Crij.  Clio  :   up  -{-  CNK  :r.:CnC1,.  COjlI  +  KQ  +  CNH. 

It  boils  at  from  190^-191°.  When  its  silver  salt  is  boiled  with  a  little  water, 
^/yi'xylic  //</./  (see  tills)  Is  produced. 

Mi.'hyl otcr  lx)lls  at  I42'^-I44°. 

The  i-thyl  ester  l>oils  at  158°.  The  anhydride  boils  at  2l4®-2l6®,  without  decom- 
poNliiiMi ;  the  iiniide  melts  at  98°  and  bolls  at  234°  ;  the  nitrile  boils  at  II 3*. 

Trichloracetic  Acid,  CCl, .  CO,!!,  the  ot^iclnal  Acidum  triehloraceticum^ytnA 
til  St  prepared  hy  Dinnas  (1839)  when  he  allowed  chlorine  to  act  in  the  sunlight  upon 
aretie  acid  (A.  32*  loi).  Without  essentially  changing  the  chemical  character,  three 
hy<lroj;cn  atoms  of  the  acetic  acid  were  replaced  by  chlorine — a  fact  upon  which 
Dumas  then  erected  the  type  theory  (p.  35).  Kolbe  (1845)  made  the  acid  by  the 
oxidation  of  chloral  with  concentrated  nitric  acid  (A.  54, 183),  and  demonstrated  how 
it  could  be  i)repared  syntlietically  from  its  elements : 

CI-  Heat  CCl,  dj.  2H,0       COOH 

C   f^  2S :V  CS- ^  CCL- ^   II  — ->-  i 

^  *  *  CCl,    Sunlight       to. 

The  carl)on  di.sulphide  resulting  from  carlwn  and  sulphur  is  converted  hy  the 
chlorine  into  carbon  tetrachloride,  which  on  the  application  of  heat  becomes  per- 
chlorethylene,  CClj  =  CCI,  (p.  105),  and  It,  in  turn,  by  the  action  of  chlorine  and 
water,  aided  by  sunlight,  yields  trichloracetic  acid.     This  was  the  first  synthesis  of 
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kcelic  ackl,  fur  Melsens  had  pcevioustjr  shown  thai  poMssium  anmlgnni  in  acjucous 
lolulion  reduced  irkhloracclic  acid  la  acetic  acid  (|),  144). 

When  digesied  wiih  amnionia  or  alkalies,  ibe  acid  brenka  down  into  chloroform 
(p.  334)  and  a  cuboDUe. 

The  meihj/l  fstfr\>o\\i  at  IS^-S".  and  Ihe  rlkylnUr  al  164".  They  are  oljtained  from 
the  acid  andalcohals  (B.  ig,  2210J.  Trickloracftyl  fkloriik.  PeichloraceialdehTde, 
boiling  at  118°,  ii  formed  when  oioaiied  air  acts  upon  perchloretbyltne  (K.  37,  R. 
S09) ;  compare  synlhesii  of  Irichloraeelic  acid  from  CS,.  The  bromide  boils  at  143= ; 
\}at  anhydridi  ax  11^ ;  the  nniV/r  melU  ■[  141°  and  boils  at  339°-,  Ihe  mirilt  boils 
at  %-f.  Ptrckhraeetii  melkyt  tslfr,  CCl, .  CO,CCl„  melts  M  34°  and  boils  aE  192' 
(A,  i73.6i). 

Bromaceiic  Acids. — Monobromacetic  Acid,  CI[,Br.  CO,H.  melts  ai  50-51° 
and  boili.  at  208"  ;  Ihe  erhyl  titer  boils  at  159°  ;  Ihe  chloride  boils  at  134'  ;  tbe  ira- 
i»j./?,CH,Br.COBr,  boils  at  150"  (pp,  105,  258):  Ihe  OHkydridi  boili  81145"-,  •*" 
ataide  melts  at  91°,  and  the  niirilt  boils  at  148-150°. 

Dibromacetic  Acid,  C,H,Br,0,,  melts  at  54-56',  and  boils  at  from  131-235°. 
The  tlhyl  titer  boils  at  iga" ;  the  tromijt,  CHltr,  .COUr  (pp.  105,  158),  lioila  nl 
194°,  aod  Ihe  amide  melts  al  156°, 

Tribromacelic  Acid,  C,H  Braf,,  melis  ai  135°,  and  boils  at  245°,  with  decntnpo- 
silion.  lis  tlhyl  titer  boils  al  235*  ;  the  bromide  at  220°-l25°  ;  ihe  amide  melts  al 
Izo-12I°;  the  ni/riYf  boils  at  170".  I(  is  a  dark  red  liquid,  which  HCI  changes  to 
Ihe  polymeric  trinilrilc,  mi-lling  at  129°  (H.  »7,  R.  730). 

lodoBcelic  Acids. — Moniodoacetic  Acid,  C,H,IO„  melts  at  S2°. 

Di-iodoBcetic  Acid.  CHI,.CO,H,  melts  at  no'. 

Tri-iodoacelic  Acid  mclls  al  150°.  The  last  two  compounds  have  been  obtained 
from  malonic  add  and  iodic  acid  (B.  »6,  R.  597).     Compare  iodoform,  page  235. 

Substitution  Producta  of  Propionic  Acid. 

The  a-monohiloid  propionic  acids  contam  an  asyminetric  carbon  atom :  hence  their 
esters  are  known,  for  eiample,  in  an  amive  form.  They  are  prepared  according  lo 
Ihe  methods  411  and  5  (p.  272),  The  ^-monohalogen  acids  are  derived  from  acrylic 
acid  by  melhod  3  (p.  272),  and  ^-iodopropionic  acid  from  glyceric  a<;id  by  method  49. 

a-Chlorpropionic  Aeid,CH,.CHCI.CO,H.boils«t  186°.  In  tthyl  „ier  boils 
al  146°;  its  chloride  al  109-110°;  its  amide  it  %rf\  its  nilrtle  at  I1I-I3I". 
a-Brompropionic  Acid  melts  at  14.5°  and  boils  at  205°.  Its  tlhyl  ester  boils  al 
162°;  its  iramidi  at  153°  (A.  »8o,  247);  "Is  anhydridi  at  120°  (5  ram.)  (li.  S7, 
2949I.  a  lodopropionic  Acid  is  a  thick  oil.  Dexlrorotatoiy  n  Cblor-  and 
a-Brompropionic  Esters  have  been  prepared  from  sarcolactic  acid  (B.  aS,  1293). 

f}  Chlorpiopionic  Acid,  CH,C1.  CH,.CO,H,  melis  at  41.5° and  loili  at  203- 
304°.  Its  mttkyl  rsler  boils  at  156°;  \\%  tthyl  tiler  boils  al  l63°i  its  ekieridt 
at  143-145°.  ^-Brampropionic  Acid  melts  at  61.5°;  its  ethyl  ester  boils  at 
69-70°  [10  mm,);  its  bromide  boils  at  154-155".  /)-Iodoprop ionic  Acid  melts  at 
82";  tite  methyl  ester  boils  al  lS8°i  the  eliyl titer  al  202°;  and  the  nmide  metis 
atioo'lB.  ai.24.97l- 

Dihalogen  Propionic  Aeida.—oo- Acids,  from  the  chlnrinalion  and  bronnnalion 
of  prn[Monie  acid  (B.  iS.  235) ;  o^-acids,  by  the  addition  of  chlorine  and  bromine  lo 
acrylic  acid,  by  the  addition  of  a  halc^en  hydride  lo  nhnlogea  acrylic  acids,  and  by 
the  oxidation  of  the  corresponding  alcohols  (p.  272)  ;  ji^-aeidt,  by  ibc  addition  of  a 
halogen  hydride  lo  j^halogen  acrylic  acids. 

aa  Dichlorpropionic  Acid,  CH,.  CO,.  CO,H,  boils  at  iSs°-i9o°.  The  etiyl 
titer  Ixnls  at  i56''-i57» ;  its  ehleridf,  from  pyroracemic  acid  and  PCIj,  boils  oi  105'°- 
lt5°,HndIhenwfV,'mcltsBIIl6°  IB.  11,388).   The  nim'/f  boits  al  105°  (B.  9,  iqqi). 

The  silver  salt  changes  to  CH, .  CO  ,  CO,H  (pyroracemic  acid),  and  na  diihlor- 
propionic  acid  (see  B.  18,  1227). 

on- Dibiom  prop  ionic  Acid  melts  al  61°  and  boils  at  220°.     The  ethyl  ester  boils 
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(I  .?-Dibrom propionic  Acid  is  capable  of  existing  in  two  allotropic  modificatioDs, 
which  can  Ik*  readily  converted  one  into  the  other.  The  one  form  melts  at  51°,  the 
oihcr,  more  stable,  at  64°.  The  acid  boils  at  227^,  with  partial  decom{x>sition.  The 
ethyl  ester  U>ils  at  21 1°-214**. 

j{  i-Dibrompropionic  Acid,  from  /3-bromacrylic  add  and  HBr,  melts  at  71°  (B. 
27,  R.  257). 

Substitution  Products  of  the  Butyric  Acids. 

a  Chlor-n-butyric  Acid,  CII, .  CH, .  CHCl .  CO,H,  is  a  thick  liquid.  Its  ethyl 
^.f/^r  lH)iI.s  at  156-160®.  Its  r^/^nV/^,  boiling  at  129-132®,  u  obtained  from  butyiyl 
clilorule  ^A.  153,  241). 

(i-Brombutyric  Acid,  from  butyric  acid,  boils  at  215°. 

.^Chlor-n-butyric  Acid  is  obtained  from  allyl  cyanide. 

.^Brom-n -butyric  Acid  and  ^-lodo-n-butyric  Acid  (melting  at  iio^)  (B.  aa, 
K.  741)  have  been  obtained  from  crotonic  acid. 

}  Chlor-n-butyric  Acid,  CH,C1 .  CH, .  CH, .  CO.H,  melte  at  lo®.  Trimetby- 
lene  Chlorobromide,  CH,C1 .  CH, .  CH,Br,  and  RCN,  yield  the  T'-chlorbutjrric 
iiitrilc.  boiling  at  195-197°  (B.  23,  1771).  The  acid  is  obtained  from  this,  and  when 
(li.stilird  at  200°  it  yields  llCl  and  butyro- lactone  (see  this). 

}-Brom-  and  }  -  lodobutyric  acids  result  from  but3rn>*lactone  (see  this)  by  the 
action  of  HHr  and  III  ;  the  fir>t  melts  at  33°,  the  second  at  41^  (B.  19,  R.  165). 

fl  ^Dichlorbutyric  Acid.  CH, .  CHCl  .  CHCl  .  CO,H,  melts  at  63®.  a^Di- 
brombutyric  Acid  melts  at  85°.     Both  are  obtained  from  crotonic  acid. 

(la.^-Trichlorbutyric  Acid,  0^11.0,0,,  appears  in  the  oxidation  of  trichlorbutyr* 
aldehyde  and  by  the  action  of  chlorme  uixm  chlorcrotonic  acids  (B.  a8,  2661). 

(la.^Tribrombutyric  Acid  melts  at  105®.  The  solutions  of  the  sodium  salts  of 
l>olh  acids  break  down  when  warmed  into  CO,,  sodium  halide,  and  oa-dichlor-  and 
aa-dibnmiprtjpvlene  (H.  28,2663V 

«  Bromisobutyric  Acid,  (CH,),.  CBr.  CO,H,  melts  at  48®  and  boils  at  198®- 
2cx)°.     Us  anhydride  melts  at  63°  (B.  27,  2951). 

Halogen  Substitution  Products  of  Higher  Fatty  Acids. 

uMonobrom  acids  of  .some  of  the  higher  fatty  acids  have  been  prepared  by  direct 
broininalion,  or  by  the  action  of  bromine  in  the  presence  of  phosphorus  (B.  25,  486). 
I'urtherniore.  such  derivatives  arise  from  the  addition  of  halc^n  hydrides  and 
haloj^oiis  to  unsaturate<l  acids. 

The  dibrom  addition-pro<lucts  of  the  unsaturated  acids  have  been  exhaustively 
studied.  Water  almost  invariably  sets  the  CC)OH  free  from  the  a^-dibromides  with  the 
formation  of  brominated  hydrocarbons,  etc.,  whereas  carbon  is  never  split  off  fnun 
the  M-  and  ; '^  derivatives,  but  the  first  products  are  brominated  lactones,  from  which 
oNvlactones  and  }-ketonic  acids  are  simultaneously  obtained  (A.  268,  55). 


B.  OLEIC  ACIDS,  OLEFINE  MONOCARBOXYLIC  ACIDS, 

C„H,„-,CO,H. 

The  acids  of  this  series,  bearing  the  name  Oleic  Acids^  because 
oleic  acid  belongs  to  them,  differ  from  the  fatty  acids  by  containing 
two  atoms  of  hydrogen  less  than  the  latter.  They  also  bear  the  same 
relation  to  them  that  the  alcohols  of  the  allyl  series  do  to  the  normal 
alcohols.  We  can  consider  them  derivatives  of  the  alkylens,  C^H,^, 
])roduced  by  the  replacement  of  one  atom  of  hydrogen  by  the  car- 
boxyl  group. 

Some  of  the  methods  employed  for  the  preparation  of  the  unsatu- 
rated acids  are  similar  to  those  used  with  the  fatty  acids.     Others 
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correspond  to  the  methods  used  with  ihe  olefines,  and  others,  again, 
are  peculiar  to  this  class  of  bodies. 

From  compounds  containing  a  like  carbon  content : 
(1 )  Like  the  fatty  acids,  they  are  produced  by  the  oxidation  of  their 
corresponding  alcohols  and  aldehydes ;  thus,  allyl  alcohol  and  its  alde- 
hyde afford  acrylic  acid : 


CH,:CH.CH,.OH- 


(2)  The  action  of  alcoholic  potash  (p.  372)  upon  the 
derivatives  of  the  fatty  acids: 


>CH, ;  CH  .  CO,H. 

ihalogen 


The /3-derivatiTes  are  especially  teaclive,  sometimes  parting  vilb  halc^en  h;^]  rides 
on  boiling  with  Vfalcr  {[i.  2721,  whereas  Ihe  y-halogen  acids  yieh)  oiy-acids  and 
ladoncE,  (3J  Similaily,  ihe  a^-denvalives  of  ihe  acids  tP'  '74)  readily  lose  two 
halogen  atoms,  (a)  either  by  the  action   of  nascent  hydrogen — 

C!I,Ilr,CHBr,CO,H  +  iH  =  C1I,:  CH  .  CO,H  +  aHIir, 


C11,I.CHI.CO,H  =  CH,:CH.CO,1I  -I-  1,. 
(4)  The  removal  of  water  (in  the  same  manner  in  which  the  alky- 
lens  C„H,„  are  formed  from  the  alcohols)  from  the  oxy-fatly  acids  (ihe 
acids  belonging  to  the  lactic  series) : 


Here  again  (he  ^-derivatives  are  most  inclined  to  alteration,  losing  water  when 
healed.  The  removal  of  water  from  a-deri>atives  is  best  accomplished  by  acting  on 
the  esters  with  PCI,.  The  esters  of  the  unsaturated  acids  are  formed  first,  and  can 
be  saponified  by  means  or  alkalies. 

(J)  From  the  amido  fatty  acids  by  Ihe  splitting  olT  of  Ihe  amido-group  aAer  the 
previons  introduction  of  the  methyl  group. 

(6)  By  the  addition  of  hydrogen  lo  acetylene  carbonic  acids : 

TetrolicAcid,   CH,.C  =  C.CO,H-(- iII^CH,.  CH:CH.CO,H,  Crolonic  Acid. 

JVuclrus-synthttic  Methods. ^-{"f)  Some  may  be  prepared  synthetically 
from  the  halogen  derivatives,  C„  H^-iX,  aided  by  the  cyanides  (see 
p.  240)  ;  thus  allyl  iodide  yields  allyl  cyanide  and  crotonic  acid,  and 
the  point  of  double  union  is  chang«l : 


CH, 


=  CHCH,I  - 


-CH,CH  =  CHCN- 


-CHjCH  =  CHCO,H. 


The  replacement  of  the  halogen  l>y  CN  in  Ihe  compounds  C„H,a^,X  is  conditioned 
by  Ihe  structure  of  the  latter.  Although  nllyl  iodide.  CH,:CH.CH,I,  yields  a 
cynnide.  ethylene  chloride,  CH,:CHCI,  and /J-chlorp.opylene.  CH,.  CCI :  CU,.  are 
not  capable  of  this  reaction. 

{8)  Some  acids  have  been  synthetically  prepared  by  Perliin's  reaction.  This  is 
readily  executed  with  benzene  derivatives.      It  proceeds  with  difficulty  in  the  fatty 
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riic  ilccompi^siiion  occasioned  by  fusion  with  alkali  is  not  a  reaction 
whuh  i\in  Ik*  applied  in  ascertaining  constitution,  because  under  the 
ii'.rl'.u'iuc  ot"  I  ho  alkali  there  may  occur  a  displacement  or  rearrange- 
iiuni  oi  il;e  d^uiMe  union. 

V  7  \  ^\-J.i.-in)«  ai:ent>  like  chn^mic  acid,  nitric  acid  and  pennanganate  of  potash  have 
\\\c  N.;',vir  v^\ck\  d>  a'K.i!ie5.  ..:^  The  group  linked  to  carboxyl  is  usually  further  oxi- 
x\  :r»l.  a-.i  livu'.  a  ,i!i'aMC  aciil  re>ulls. 

W  !:rn  c.trriu  ^   oxid.'e'^l   with  permanganate,  the  unj^iuratcd  acids  sustain 
;»j\  .4.:r::i:.v-.*.  >:i:i:"dr  to  ihy.  %>(  the  olehncs ;  dioir-acids  result  (Fiiiig,  B.  az,  I^S7). 

^.11     kH     r  y\U,K\\n  ^  O    -    H;0    .  CHjCH.OHUCiOH^iCjHjK'OJI 

ji-i:rx    \.';  »:v*.  V  Av..:  •-Elhjl-fl-inelh>l  Glyceric  Acid. 

S     '^  r:^vi:.i'.\:cvl  acivis  when  heated  with  dilute  sulphuric  acid 


V  11.   .^*    V  1:     V  :l.vv\H 


>  ^CHji.C  .  CH, .  CH.  .  COO 
IsocaproUctonc. 


\     Acrylic  Acid  ■/"•.•/.'•?•-■//;.;].  CIL:  CH  .  CO-H,  melting  at  7° 

.;.,..  .,..:•.;.- 1  ^."•.  >  ^  :  :a.ri\:  acciTcini:  to  the  general  methods : 

\  ..  ...  .'  .    -v-:  ,  -"■  .:.:r.  .  vv  i  ..»c:o  propionic  acid  by  the  action 

:  ..'...:.  :'.v  :. :  .v^r.c*  a.i^".  I'V  the  actiin  of  zinc  and  sul- 


;.;>>  ..:v  ■  "» 


k  •      V  >  V   . 


;     :■.     ...:     ^  .•  .  \i .  Tv^.   .  ■-■  V-  ,"»!.  vi    r.\i:7ac7\i-.c  acidV 
V   .     .-:  ..  , :   .  .    ...  N.-:x  :v.  ,  \  /.  .-.r.^  acrv»'.r:n  with  silver  oxide,  or 
^  .   .   :  ..  -     -  .  /..  ■     ;  -.  :  *  >..^v^ts>\e  :rt\i:meni  wiih  h\dro- 
-.■■■•.:.  p  .  V  c  ac:c.  ai-jd  the  sul>>equent 

\.    .    v.;  ,..•■•■   .-.■■   .«.•    •    .  k;   :h.-i:  1-!  acetic   acid.      It 

•*.-.    :.  >:;.    :  :"  :  >  ::":l-  i:r«ie.  i:   i>  irans- 
:" »  :"'• .  : -.■■." : i\"l  hi .1:  ni:  »  t.  the  water- 

\ :  c  :v. ':  :  r  ts  w i : h  br om i  ne 
\^  :  ^  : - i  "r. :.'. . ctn  h \  d r : d es  t o 
.  ;i.  ..    ■-.  :*::"'».     If  rjsed  w;:h 


•1        >t 


ft     ■  ■  \ 


I      «       « 


■  99 


.     V  .. 

■..   r-^  -  -■- 

-•    r     .^    r."."  ■  >*.       Tilt  .'.-jS  s^.\'.     C,H,- 

..       i.  •        ^       V    .-^ 

.  :  .  ^      -^ 

,                                               ."1 

:■     •-■-...     .ii^-.-^TT.pr-.vi.-.rr  acid 

■*    .       '                       ■  •■                             ' 

•«■;■        -.     ■    :.'      !v»-i:^iC  «   lCI-i:^2-. 

■        '                             ^ 

.  ^  "»:■•    .-^  T     &  «•  •  'i  rriA'ss 

>                • 

V:-:      t:-     is'*:  S^_ 

*   . 

■■■-■•     ■•'■■•    :.ri;:  .::  >i::«js:;:cTed 

-     •.    V '•   :  iiTi.'.    l:s.~»   tic-  '.}-\'cr~ 

■  ■■   -•  '■'     -  n:   '..:  ---f'      ::   r.-.r7.:.;aes 
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tion  oi  eAieraliiifvi\l)x  linc  and  hydrochloric  acid  (A.  103,  83;  339,  263).  al: 
prophlii aiid,  CjH,0,  (p,  287),  bj  Ihc  additioQ  of  HCI.  ll  mells  at  84=  (. 
83).   1(  unitcE  with  HCI  to  ^d-dichlorpropionic  >cid.   The  ttkyt  isltr  boils  *t  E46' 

a-Bromacrylic  Acid  inelis  at  69-70°, 

/)  Bromaciylic  Acid  melu  at  115-116°. 

^  lodoacryjic  Acid,  C,H,IO,,  is  known  in  two  tnodiiicationj,  one  nielling  at 
IJ9-  140°,  Ihf  olhei  al  65"  (B.  ig,  542). 

a/l-Dicbloraciylic  Acid  melts  at  87°.   /T^Dichloracrylic  Acid  melts  9176-77°. 

fl,J-Dibroni#cryHe  Acid  and  ;);J-Dib  torn  aery  lie  Acid  both  mtll  ai  Ss-Sb". 

a^i  Di-iodo- acrylic  Acid  melts  at  106° ;  j^^-DUiodo- acrylic  Acid  melts  at 
133°  |U.  18,  ZJ84I. 

Trichloracrylic  Acid  melts  at  76°. 

Tribromacrylic  Acid  melts  at  117-118'". 

2.  Crotonic  Acids.  CjHj.CO.H. 

In  the  introduction  to  the  oiefine  carboxyiic  acids  the  isomerism  of 

the  crotonic  acids  was  made  evident,  and  it  was  shown  that  the  cause 

of  the  difference  between  crotonic  and  isocrotonic  or  tpiarienylic  aciil 

was  sought  in  the  different  arrangement  of  the  atoms  in  the  molect:les 

of  the  two  acids,  in  the  sense  of  the  following  formulas  (A.  248,  iSi)  1 

HCCO,H  HC-CO,H 

HC.CH,  CH.CH 

(Plane  SjTmelri/conSg.)  "^ia?  S).min«i""Sd'fig.)"   ' 

The  ordinary  solid  crotonic  acid  is  the  m-crolonic  acid,  because  it 
can  be  reduced  by  means  of  sodium  amalgam  to  tetrolic  acid  (B.  22, 
1 183) ;  and  isocrotonic  acid  would  then  be  the  «>-fraiw- crotonic  acid 
(p.  51).  (However,  the  experimental  basis  for  the  determination  of 
the  so-called  configurations  are  very  uncertain ;  compare  B.  25,  R. 
8SS.  S56;  J.  pr.  Ch.  [a]  46,  402.  Ftirtherraore,  the  unitary  nattire 
of  isocrotonic  acid  has  again  been  thrown  in  doubt ;  compare  Ij.  36, 
108  ;  and  also  A.  268,  16;  283,  47;  B.  29,  1639). 


The  melting  and  boiling  points  of  boih  c 
monochlor-  and  dichlor-substitution  products  a: 
tabular  form : 


cids  and  their 


:  presented  beloi 


:  Acid 


I  )  Crotonic  Acid 
Id)  II' Chlorcrotonic 

(i^)  ^-Chlorcrolonie  Acid       ' 
If)  D-Bromcrotonic  Acid 
I'/)  ^-Bromctolonic  Acid 
1  ]  Isocrotonic  Acid  , 

to)  n-Chlonsocrotonic  Acid  , 

(z^)  j}-ChloriBocTotoDic  Acid  , 
a- Brom isocrotonic  Acid  . 


,CO,H 


h'>C:C<jj 

'^>C:C<™." 

-C:C<^P'"  liquid 
>C;C<:J:1^'*^  m.p.    66-5°. 


106.5". 


Ik   -   ^  ,CO,H 


^CO,H 


S5°; 
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I.  Ordinary  Crotonic  Acid  is  olitained: 

(i)    II;    ilic   tixulikivfti  of  crotunaliiehyde,  CH, .  CH  :  CH  .  COH 

fji.  277  . 

'  2  f  Il>  ili»:  .u  li  jh  of  alcoholic  potash  upisn  a-brombatyric  ac:d  and 
,9  io'l'jl»iivrir  a^  i'l  and 

(■^}  KI  lip'yii  a.jiiibp-mbutjric  acid. 

Tj;  \i\  Ui*:  *\t\  di-jiillation  of  ^-'xvbutvric  acid,  CH,  .  CH  OH  » .  - 

<:]{,.<  0,11. 

f^j  l>v  tii':  a^  ti'in  of  S'j<i:;;m  amal^^am  on  tetrolic  acid. 
(Gj  l-rorn  ali>l  iodide  by  means  of  the  cyanide  (B.  ai,  494.''. 
(■J)    I  :i':  rri';-st  pratticarile  method  *.*(  obtaining  crotonic  acid  is  10 
h'Mt  ifj.i!  .riir:  acjii.  CH.- L'O.H  .,.  »i:h  paraldehyde  and  acetic  anh\- 
fir\t\*:.     Tile  eth.-iene  mai-^nic  ariii  rir-?t  pnrd'^ccd  decomposes  into 
ro,  ar.'i  r.r.jt'  :..!.  a(..ii    p.  27.S      A.  2x8,  147;. 

(Jr  ■•.oriic  ari-:  cr;.-:al.:zcs  :r.  nr.c.  w-.to'ily  needles  or  in  Luge  j'laies. 

I',   i  -  Z..-:^  in  12  ;  ar:*  waier  a:  2c".     The  warm  aqueous 5i.*»lutiun  will 

r-:-; .'  ■•  i.<ji;::.-:  -.iver  -•  l;:::<."r.a  w;:h  the  f'."»rmacion  of  a  silver  mirror. 

/  ..'    :  .  ;   s :".    ■.:'.-:   a-rii,   :■::  ni::  i..d::rn  amaUam.  convert   it  into 

:.   :  ..         :';. '  r  !•:   :.      I:  c:s:b:r.es  \\i:r.  HBr  and  HI  to  yield  |5-brom- 

i\  I  i-.    i      ;:■-.':  ic'  i.  ar.d  w:'.>  -:;-'   r:r,tr  and  bromine  to  OfS-dichlor- 

.1  .  i  -zj-  ".  ■  -  '."  :v.'  ■■  i:  :?.     I'>  rne"'r'.l  es:er  combines  at  iSo^  with 

.      .  ::    !     28,  :  :  V.   .     'A' v.-.  ri-^e:  v:":  ':a:s::<:  ri.cash.  it  breaks  up 

:.:       ■*-  '-■   .  ■.--    *'  1 :-::  :  a::  :  :   r.  :-  ■:  dtrc  oxidizes  it  to  acetsc 

^:        I-    ■-.    •":   ■ -;:ai:i::r.:  -er:::ar.::.ir.a:e  oxidizes  it  to  J/iwy- 

,'■  -:.    :■■  •     \    268.  -  "  " 

I:        C.-!:r:r::::::c   Ac:i.    .*!-'.     f"".     .".'!.  .' .  .H.  :s  occxaeti  when  trichlor- 

■.    -  .  .  :"■      ;  T:!";-:   V    !    :  .:i:    !;'•:    ■!V':.-:i.:i.«:ri:   icil.  cr  £:ao  duil  and 

■V  :     -  -     ■'■'.:  I,.'.;:  :i    i.*:  .i:!.'!.':    ctx?.:   .'u  :  '■•::i::i^:rbutyrio  ester  1  B.  ai, 

;        C^  orjr-.'cccic  Ac:J.   .".'..  .".'.      ''  ..'\.  :s  jctjin-M  in  small  quan* 

^:.::-  •'-^'■':  ^:r->s  »:•  .1    i:  i:  i-.-i"     -'1:1  ii.-.".  •■  lo^iic  istfif.  xr.*i  by  the  addi- 

.   I.  ■■  '    ■•  I    -^    I  %i. ■•-••»    r   v-eiiis  ircr.-I-i:  acid  i.p.  2^55). 

"<  •    ..::    i:j '  ,1.:     ■.•:"•    11  :         i.n:       ■: :  ■.'i.f.'n-'iiii:  iciii:»  :aco  oniinary  crotonic 

?r-.v:-'r-.*:.*.' v;  A.*  J.    •■  im     ;t:  :•*.        ,        rr-inirut'-rc  icid. 
-3"--;:i^'r'-*C-'.'  c   \»  -i.    •    .!:    ■;■■■  i:--  i«.  •. 

'.  ^..-C-'VC-M.n;    A-   J.       .''I.         -I  I     -.         ■      .  ■      -I  :.  /I.        ./.  .'1/.     ."/-IVi  '•I'Vif/V 

■  ".  .'■''v  I   .■■■      •  i!i   ■■  ,  I  1. 1  -.■v.  V  .'  1    n  !l-   ii.""i.'ii  .'i  -hxiiuoi  Amalgam 

■  .li     lo   .  ..  J  •■!   i' •'...        -r    ■   !.■.■■-■       ■. '■>  lie-',  ri  1  «eal<ii  tube,  it 

.  r.i   ^   -         ,.       .  .,      .  »..,   .     -v.'.         '*«.>»    1  ••  .   .1,1    v'l"*   \sv.ulv.  tfvtfn 'iuring  dis- 

'  ■•        -I  I   ■•   *  1      I,  I'll    'i-». -ii    ■»:  1  •" -^i -I'M    14. 'ij    \-[.'\  Iv'.'H.  T^?rtnic  and 

»  ■     !   '-.^ '-    v     \.  >.»  ■'      .1-  II'*.',*.*  •:.  .*uj   II  '.']«ir  Ke id  acetic 

ii.   .  r..  ■  ^.   ■•.!    ,•  V  ii' ■     I      ■ -' i..».   .v'.       >k>.<wi(i  •  na  ;^>{ti  i<.*e;$  not  change 

.  ..li  V   .  ^  ,  ■  1  ■  . ,       ^^.      V    .,-.       •    14.  ■<    't!        It  yields  a 

.  .1  .  ,..•"■       '■       ■     ■■  ^-  *  ' '     "       •     »  i'l    . '-.      lliis  pissci 

.".  ■  .     -..■.     *  -        .     JvKi,  :•• 

: -iJiT. -■• -..■*\-k;  v;«v^»i<«.  \«i»j  >  >v...^^^.  *.  '\  .i-nii  -i  >.-uiiiin  hydroxide 
jii  r-.T  .!<.  1. «■.'*•*'' I  •».  *\.»v..  •  .'»  it*.  .»v  ■'I  >•.  .Uk*i^  .»  jjc  cur  ^^iiiurcrotoiiic 
iL:.>     ■^.   12,   V    *.'  . 
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etie  csicr,  CH, .  CO .  CH, ,  CO .  C,H,, 

acid)  is  produced.     Il  is  very  proUkbfe 
md  this  aricrwud  parts  with  HCl.     Il 


When  PCIj  and  waler  act  upon 

I  ^-chlorisocrutonic  acid  {•n'nh  jj-chlor 

P  that  (J'dichlorliuiyric  acid  is  formed 

Q  fornied  by  protraelEi!  healing  i 

dium  amalgam  converts  both  the  o-  aiid  f'f-chlorisocrotoiiic  acid  into  tii^uid  i& 
icBcid(B.  aa,  R.  S'h 
a-Bromisocrotonic  Acid  is  produced  by  the  actioD  of  sodiam  hydioxide  upi 
e  a,)-dibroniliiiiync  acid  (B,  ai,  R,  24a). 


Ill  eihyl  esler  was  dnl  obtaine 
,  (CH,), .  C{OH) .  CO, .  C^IIj.  : 
-pyrataituic  acid  (fium  citiacom 
sotutioa: 


I 


(j)  Methacrylic  Acid,      CH,:C<^y^j 

,    by  the  action  of  PCI,  upon  o<y-isobulyric  este 

is,  hfiwevec,  best  prepared  by  boiling  cilrabror 

■-■cid  and  HBrJ  with  water  or  a  sodium  carbonate 

I  CjHjBrO,  =  C.H.O,  +  CO,  +  HBr. 

It  consists  of  prisms  that  are  readily  soluble  in  water,  fuse  at  -f  16°,  and  buil  at 
160.5°.  NaHg  converts  the  acid  into  isobulyric  acid.  Il  combines  with  ilJir  and 
HI  to  form  Q.brom-  and  iodo-isobulyric  acid,  and  with  bromine  lo  form  n,9.dibrom- 
isobutyric  acid,  which  confirms  the  assumed  conslitulion  (J.  pr.  Cb.,  [2]  aj,  369). 
When  fused  with  KUll,  it  breaks  up  into  propionic  and  ncelic  acids. 

Pentenic  Acids,  C,H, .  CO,H. 

Of  the  isomerides  of  Ifais  formuin, 
npoitant,  Il  bears  [he  same  relalioi 
nd  isocrotonic  acids  (p.  282). 


Angelic  Acid,  ^ 
at  185",  exists  free  along  wi 
Angeiha  archangclica,  and 
Ijglic  amyl  (sier,  in  Roman 


>i — '-vrtr.  ' 


melting  at  45''and  boiling 

id  acelic  acids  in  [he  roots  of 
id  amyl  esters,  logelher  with 
n,  the  oil  of  Anihemis  nobilis. 


Angelic  acid  congeals,  when  well  cooled,  and  may  be  thus  separated  from  liquid 
valeric  acid.  We  can  sepatale  angelic  and  tiglic  acids  by  means  of  the  calcium  ssllx, 
that  of  the  first  being  very  readily  soluble  in  cold  water  (B.  17,  2261;  A.  383,  105). 

When  to  gtatns  of  angelic  acid  are  boiled  for  twenty  hours  with  caustic  soda  (40 
ETDms  NaOH  in  160  grams  of  water),  twotliirds  of  it  are  convened  into  (iglic  acid. 
Healing  with  water  at  Iio"  will  change  half  of  il  to  liglic  acid  (A,  383.108).  When 
pure  angelic  acid  is  heated  to  boiling  for  hours  it  is  completely  changed  lo  tiglic  acid. 
The  some  occurs  by  the  action  of  sulphuric  acid  at  100°.  It  dissolves  without  dilh- 
cully  in  hot  water,  and  vobljiiies  readily  in  steam.     lis  ethyl  ester  boik  at  141°. 

Tiglic  Acid,  a  Methylcrotonic  Acid,  CH, .  CH  < '''Crn'll'  P^^^nlin  Roman 

oil  of  cumin  (see  above),  and  in  Crotoo  oil  (from  Crelon  lishum).  is  a  miiture  of 
glycerol  esters  of  various  fatly  and  oleic  acids.  It  is  obtained  artificially  by  acting 
with  PCI,  upon  melhyl-elhyl  oxy-acelic  acid.  ^^     ^j['>C(OH)  .  CO,H  (its  esler). 

Tiglic  acid  melts  aJ  64.5'  and  boils  al  198'.      IW  tlhyleiltr  l>oiIs  al  151",      Bro- 

inc  converts  it  into  two  .//^riimia'wl  A.  sjo,  240;  ajg,  I;  371, 1 ;  173, 117;  174,99). 

ir  tlieir  const ilutlon,  compare  B.  34,  R.  I>68,    The  three  posaible  acids.  C,H,C(.>,H:, 

[l»itb  normal  >lrDcture  are  also  known  (Fiilig,  A.  383,  47:  li.  37,  2658),     Prapili- 

r  Aceiie  Aiid.  a;?  pentenic  acid.  CH,.  CH, ,  CH  :  CH .  CO^H.,  m.  p,  lo",  b.  p. 

',  is  fanned  logelher  with  y-oxyvalenc  acid  on  boiling  elhidene  propionic  acid 

irith  aoda,  as  well  as  with  malonic  add,  propionic  aldehyde  and  acelic  anhydride, 

Ki(ie<:lh«r  with  ^^.pentcnic  acid.     Its  liiiivmide  melu  at  56°.     Jitkidme  propionic 
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a.  /./.  J;  -pentenic  acid,  CH, .  CH  :  CH  .  CH,COlH,  b.  p.  194^  b  best  prepucd  bj 
the  ili^tillation  of  methvl  paraconic  acid.     Its  ditromide  meHs  at  65^. 

Allyl-acetic  Acid.' } (f-Pentenic  Acid,  CH, : CH  .  CH, .  CH, .  CO,H,  obtained 
on  liraiin)*  allyl  nialoiiic  acid,  boils  at  187^. 

Dimethyl  Acrylic  Acid,  ^CH,),C :  CH .  CO,H,  is  obtained  (l)  from  /S-oxy-isova- 
leiii-  acid.  (<-'H,^,  .  C\Oii) .  CO,H,  by  distillation ;  (2)  from  acetone  and  ninlonic  acid 
h\  iiirans  of  acetic  anhydride  (B.  27,  1574) ;  (3)  from  its  ester,  produced  when 
fi-biv>ni  isovaleric  acid  ester  is  heated  with  diethylaniline  (A.  aBo,  252).  See  B.  ag, 
U.  i)>(t,  for  its  derivatives.     It  melts  at  70®. 

^41  Hexenic  Acids,  CgH|/\. 
llie  normal  acids  belonging  in  this  class  are  Hydro-  and  Isokydrotorhic. 

Hydrosorbic  Acid,  rn>pylidene-propionic  Acid,  /3}  -hexenic  acid,  CH,  .  CH, .  - 
I  U  M  II  .  (II,.  CO,!!.  Mling  at  2o8^  is  obtained  iiom  etkyl-paracomic  acid^  CH,.  • 

riL  rn.CIUa>JnCn,aKS,  according  to  method  10  (p.  278);  hence  it  is 
prolul«lv  a  .V  un:!i'aiurated  acid.  It  is  the  first  reduction  product  of  sorbic  acid,, 
ril,Cli:ril'.ril:ai.CO,H.  During  the  reduction  a  shifting  of  the  double 
union  occuis.  C>n  Ix^iling  hydrosorbic  acid  with  caustic  soda,  it  passes  into  the 
iNonieiivle  whose  formation  one  might  expect  in  the  reduction  of  soibic  acid — into 
isohvdrosorbic  acid,  or  butvliJnif- acetic  aruf^  a^- hexenic  acid^  CH,CH,CH,CH  :- 
iMU'\\.H.  uuhint;  at  33^  and  boiling  at  2l6«>  (B.  24,  83).  \Mien  iu  bioniine  addi- 
tion prodiM  is  liMled  with  water,  oxvcaprolactone  and  homolsevnlinic  acid  result 
^  \.  j68.  <m^  )^  fh.xrni\  n.ij,  CH,' .  CH :  CH  .  CH, .  CH, . CO^H,  melu  at  o*». 
I'lnsuli  im-iluvl  of  t\>nnaiion  lo,  page  27S.  See  B.  29,  R.  667  for  aff-  and  fiy- 
i>o]ir\c*niv  ,u'i»i> 

Pvroierebic  Acid.  (CH,^.C  :CH  .  CH, .  CO,H,  and  Teraciylic  Acid,  C,H,.- 
^U  :'\  H  .  i  M.. .  (O.H.  b.  p*.  2lS^  \A.  208.  37,  39),  belong  to  the  acids  CgH,,0, 
rtJi.i  V  '.H,.;'  \.  '  riic*\  dr^oivo  notice  K'cause  of  their  genetic  connection  wiih  two  oxi- 
tl.u.on  ]«i.Hhuix  o!  uu|H'niinc  oil — fcrehi.'  a,i.i  and  terpenylic  acid — which  will  be 
i.Mi>ivUud  I.iin  >«'c  .v.  283.  iro;  288,  1 76,  for  /3)-  and  a^-isckepienic  aciiis. 
r\io(i'u-bu'  .uul  i>  (.-h.ingeil  by  pioiiacied  LH>iling  or  by  HBr  to  isomeric  isocapro- 
l.iv  U  nc : 

^rn,\.c.cii,.CH, 

O  CO 

Teracryhc  Acid  is  converted  by  llF^r  into  the  isomeric  lactone  of  }-oxyheptoic 
Nonylciv.c  Acid.  v.  ilj,  A'llj'„rH  :  CH  .  CO,H.  from  oenanthol  by  general  method 

Pe*:> Ionic    Acid.  ^',11.,    k\\       CH.CHg.CO.H,  formed  from  hexylparaconic 

;;,  v":  .A*  .-^t'.:!-^  \.^  j:rnnrtl  nictlux'i  ot  lormauon  lo.  jMige  27S. 

11  i-idecy Ionic  Acid.  CM,  OM,CHj''^CO,H,  is  pnxluced  by  distilling  castor  oil 
\.\\^\<\  ic.'.u.'cv':  iMvsvviiY.  1:  virlds  .-r.'.:.;.  *:.7.;'.  ■  CH,)^- l."l\H  ■,  (see  this)  (B.  19, 
K.  ,;  ;>  :  I  p.  ::.''4'.  i]  on  o\ii^.:itiin.  li  molts  M  :?4  5^,  and  fxiils  at  165"  {15  mm  ). 
\\  :•.  n  i>  :\:\  •■  n  .:c.  liii  '.lire  a;  .;>'*.  15  jncomplrioi}  doooml^>ed  l)y  alcoholic  pota<Ui, 
r  :  .  .  • .  .■. -. .:  .'  '•  .  . .'  ...  111!=  C[CH.]^CO.,n.  inciting  at  43**,  is  obuined,  which, 
:-.>(».  .1:  iSv^'*  \\\\\\  .-.■.ii>ti*-  ivMash.chiinj^oto^  Kiic,,-.'/.  Anj\  CH,.  C  \  C[CHJ,CO,H, 
r.-.t.i:\c  ;it  f'"*"  '1^   29.  rr^;rV 

Higher  define  Monocarboxylic  Acids. 

V.«  .iSv-oM.-i^n  il'.c  ^xMT.t  of  the  don  My  linked  carbon  atoms  in  the  higher  olefine 
iv.  r:  ■v:-.i:s.\\'ir  .'tiii^>.  tbo  laiicr  arc  con  veil  wi  into  their  corresponding  acetylene 
m;nvV.-;Tlv:.ii  si<w.s  -p.  *Sr'.  «hi^^h,  in  turn,  are  oxidi7cd  and  split  open  at  the  point 
of  ir  p>  crt:lvr.  ur.ioii.  or  iiif>  .^re  chanjred  ic-  ketone  ciiN-^xylic  acids,  and  iheie  are 
then  broken  lii^wn.  I'hus.  oleic  acid  yioid?  .<n:itoh.-  a:j..\  which  may  be  oxidized  to 
^=,;.7..  J.-;./.  CA\,y,  C(\HV,.  and  /."i^/'x^w;.  ^7.7*7.  C^H,.CO,H.  This  woald  mean 
that  in  sioarclic  acid  the  carbon  atoms  9  and  10  are  united  by  three  tKmds^  and  that 
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[facj  are  Ihe  xtumi  which  in  oleic  acid  are  ia  double  unioD.  This  cnncliuioti  is  con- 
Rrroed  by  ibe  conTcreion  of  slearolio  acid,  by  meanj  of  couccDtralcd  sulphuric  acid, 
inlo  icteiliorii  a.cii,  whoscosinie  undergoes  the  Beckmaan  rearrangcmenl  81400",  ti 
the  result  of  the  aclion  of  roncentrated  sulphuric  acid.  Two  acid  amides  result, 
which  are  decomposed  by  fuming  hydrochloric  acid,  the  one  into  octylamtae  and 
sebacic  acid,  the  other  JDto  pelargonlc  acid  and  9-atmDiHioDBnic  acid  (B.  37,  173)  : 

Oleic  Add  C>H„CH  :  CH[CH,],CO,H  — >■  (^H„CHBr.CHBt[CH,],CO,H 


SieatolicAcid  C,H„CSC[CH,],CO,n  — J-C,H„CO  .CH,[CH,],CO,H 

Ketoxime-         C,H„CN(OH)[CH,],CO,H 

y      \ 
QH|,NHCO[CH,]jCO,H  C,H|,CO ,  NH[CH,],CO,H 

C,H,,NH,     [CH,],(CO,H),         (^H|,CO,H      NH,[CH,],CO,H 
OciyUmine         Sebacie  Acid  Pelargonic  Acid       s-Amlrnmniiaiud 

The  constitution  of  hypogsic  and  crude  acJdsi  has  been  determined 
in  the  same  manner. 

Hypogjcic  Acid,  CH,[CH,],CH  :  CH[CH,]iCO,H,  found  as  glycerol  ester  in 
eailhnut  oil  (from  the  fruil  of  Arackii  liypogaa),  ctyslalliies  in  needles,  and  meld  ol 
J3°  and  boils  at  336°  (15  mm,).  It  results  wheo  slearolic  acid  is  fused  with  K.OH 
»'  200°  |B.  37,  3397). 

Oleic  Acid,  C/fwWf/rt',  *^'"i?>C:C<^j^^j  ^.q^jj  =  C„H„0„  meli- 
itig  at  14°  and  boiling  at  aaj**  (10  mm.),  occurs  as  glycerol  ester 
{trioUin)  in  nearly  all  fats,  especially  in  the  oils,  as  olive  oil,  almond 
oil,  cod-liver  oil,  etc.  It  is  obtained  in  large  quantities  as  a  by- 
product in  the  manufacture  of  stearin  candles  (p.  253). 

Id  preparing  oleic  acid,  olive  or  mandel  all  is  saponilied  with  potaiib  and  the 
aqueous  solution  of  the  potassium  salts  precipitaled  with  sugar  of  lead.  The  lead 
salts  which  separate  are  dried  and  extracted  with  ether,  when  lead  oleate  dissolves, 
leaving  as  insoluble  the  lead  salts  of  all  other  fatty  acids.  Mix  Ihe  clherea!  solution 
with  hydrochloric  acid,  filter  off  the  lead  chloride,  and  eonccniiate  the  liquid.  To 
purify  the  acid  oblnined  in  this  way,  fractionate  it  under  strongly  diminished  pressure. 

Oleic  acid  in  a  pure  condition  is  odorless,  and  does  not  redden 
litmus.  On  exposure  to  the  air  it  oxidises,  becomes  yellow,  and 
acquires  a  rancrd  odor.  Nitric  acid  oxidizes  it  with  formation  of  all 
the  lower  fatty  acids  from  eapric  to  acelic,  and  at  ihe  same  time  dibasic 
acids,  like  sebacic  acid,  are  produced,  A  permanganate  solution 
oxidizes  it  to  azelaic  acid,  C,H„0,.  Moderated  oxidation  produces 
diox)'stearic  acid  (see  this). 

It  unites  with  bromine  to  form  liquid  dibromstearic  acid,  C,,H„Br,0,,  which  is 
converted  by  alcoholic  KOH  into  Btonebramolric  arid,  C^Ha^'^ii  ">*'  '''"'  '"'" 
itearoleic  acid  (p.  28S). 

Nitrous  acid  changes  oleic  into  the 
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Elaidic  Acid,    ^"^>C:C<[f  ">3'^^«".  melting  at  5 1**  and  boil- 

inK  at  225°  (10  mm.).  With  bromine  it  yields  the  dibromide, 
C|Ji.uHr,<)„  which  melts  at  27^,  and  when  acted  upon  with  sodium 
amalgam,  ])asses  back  into  elaidic  acid. 

/so  oleic  acU,  ^jN^lM^st  melting  at  44-45^,  is  obuined  from  the  Hl-addition  pro- 
duct of  oleic  aciil — iodosiearic  acid — when  it  is  treated  with  alcoholic  potash,  or  from 
oxysttiuric-  acid,  formed  from  oleic  acid  by  the  action  of  cone,  sulphuric  acid,  when  it 
is  diMillcd  under  reduced  |)ressure  (B.  ai,  R.  398;  ai,  1878;  ay,  R.  576). 

llydiitnlic  acid  reduces  oleic  and  elaidic  acids  to  stearic  add.  Oleic,  elaidic,  and 
iso- oleic  acids,  when  fused  with  caustic  potash,  break  down  into  palmitic  act  J  and 
(UttU  u< /«/.  This  is,  however, a  reaction  that  can  not  be  accepted  ais  proving  that  the 
douMe  uu'um  in  the  three  acids  holds  the  same  position.  The  common  view  is  that 
oleic  and  elnldic  acids  are  stereo-isomerides,  and  that  iso-oleic  is  a  structund  isomer- 
ide  of  the  other  two  acids. 

Mri>mine  converts  the  three  acids  into  three  different  dibrom-siearic  acids.  Coie- 
fully  oxidized  with  potassium  permanganate,  they  yield  three  different  dioxysicaric 
a,  iii^. 

ErucicAcid.   ^'•",'I-C:C<^*_^,i^cO,H'   Bra^Hdic And,  c,^]>C:C<^. 

1 1,./.'<  >3n,  is  present  as  glyceride  in  rape-seed  oil  (from  Brasiica  campestris)^  in  the 
f.itty  oil  of  mustard,  and  in  the  oil  of  grape  seeds.     It  melts  at  33^-34°. 

NitioUN  acid  (H.  19,  .^^20)  converts  erucic  acid  into  isomeric  brassidic  acid,  melting 
nt  f)^'^'  anil  Iniiling  at  256°  (10  mm.).  It  sustains  the  same  relation  to  erucic  acid 
that  elaidic  does  to  oleic  (p.  285).  By  oxidation,  erucic  acid  yields  nonylic  and  bras- 
Mlic  acids  (li.  24,4120;  25,961,2667;  a6,  639,  838,  1867,  R.  795f  Sll).  /so- 
enuic  Aiiii^  set*  IJ.  27,  R.  166,  577. 

Linolcic  and  ricinolcic  acids,  although  not  belonging  to  the  same 
stTits,  yet  closely  resemble  oleic  acid.  The  first  is  a  simple,  unsatu- 
rated arid,  I  lie  second  an  unsaturated  oxy-acid. 

Linoleic  Acid,  C^'jnHj/).^,  occurs  as  glyceride  in  drying  oi/s,  which 
«liii<  kly  (»\idi/.e  in  the  air,  become  covered  with  a  scum,  and  then 
siijidity  — <•.  .i,"^ ,  linseed  oil,  hemp  oil,  poppy  oil,  and  nut  oil.  In  the 
NOfi  tf»yifr^  oiU — olive  oil,  rape- seed  oil  from  Brassica  campestrisy  the 
oil  iVoni  Jhassica  rapa,  mandel  oil,  fish  oil,  etc. — we  have  the  oleic 
glycerol  c>ter. 

\':uiou^  oxy  fatty  acids  are  pro<luced  when  linoleic  acid  is  oxidized  with  potassium 
p(>rm.in^nnatc.  I'limi  the  fact  that  they  can  })e  formed,  it  has  been  concluded  that 
certain  otlur  iuids  exist  in  the  cnide  linoleic  acid  (H.  2Z,  R.  436  and  659). 

Ricinoleic    Acid,    CH3[CH.J, .  CHOH  .  CH, .  CH  :  CH(CH,  V 

C()..H[a]„-=-f  6.67°  (H.  27,  3471),  is  present  in  castor  oil  in  the  form 
of  a  l;  yceride.  The  lead  salt  is  soluble  in  ether.  Subjected  to  dry 
distillation,  ricinoleic  acid  splits  into  cenantholy  CtHj^O,  and  undecy^ 
Icnic  aciii.  C\,Ha)C).j. 

Fused  with  rau».tic  jot.ish.it  changes  to  sehaiic  acid^  C^II|^(CO-H)-,  and  secondary 

I'  H         , 
cftyl nU'O'toK     J,.!'     CH.OII.     It  ctmihincs  with   bromine  to  a  solid  dibromide. 

When  heated  with  III  (i(Mlinc  and  pho^phorus^,  it  is  transformed  into  iodoleic  acid, 
C,gII„l(>2.  which  yields  stearic  acid  when  treated  with  zinc  and  hydrochloric  add 
(B.  29.  806). 
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The  poinl  of  double  uniuu  beiivccn  ibe  carbon  atoms  lu  tic  in  oleic  iciil  'a  iiscerlnined 
u  in  the  case  of  oleic  acid : 

(I)  Uf  iranspoBiliOD  iulo  ricinU/atotit  add,  meUing  at  $3°;  (2)  and  ihii  into 
ktio  exyilearic  ucul,  melting  at  84°  ;  (j)  Hually,  the  breaking  down  of  tbe  oiiiiie  of 
the  iaiier  acid  (B.  37,  31ZI]. 

Nitrous  acid  converts  riciaoleic  acid  into  isomeric  ricinclalJie  aiid.  This  melts  at 
53'  C.  (see  B.  si,  2735-,  37,  R.  629I. 

Kapiiiic  Atid,  C,gH„0„  occurs  as  glycerol  ester  in  rape  oil  (ii.  ag,  R.  673). 

Unsaturated  Acids,  C,H,._,CO,H. 

Tlie  acids  of  this  series  coutaio  either  a  trebly  linked  pair  of  carbon 
atoms,  e.g.,  like  aeetyUne  (]!.  95),  or  two  doubly  linked  pairs  of 
carbon  atoms,  as  in  the  diokfines.  Tliey  are,  therefore,  distinguished 
as  acetylene  nionocarboxylic  acids ;  prophlU  acid  series  and  dioUfint 
tnonocarboxylic  acids. 


C.   ACETYLENE  CARBOXYLIC  ACIDS. 

Methods  0/  Formation. — i.  (a)  By  the  action  of  alcoholic  potash 
upon  the  brom -addition  products  of  the  oleic  acids,  and  (J>)  the  mono- 
halogen  substitution  proiJucts  of  the  oleic  acids.  This  is  similar  to 
the  formation  of  the  acetylenes  from  the  dihalogen  addition  products 
and  the  monohalogen  sul^titution  products. 

2.  From  the  sodium  derivatives  of  ihe  mono-alkyl  acetylenes  by 
the  action  of  CO,:  CH, .  C  =  CNa  +  C0,=  CH,C  =  C  .  CO,Na. 
Like  the  acetylenes,  they  are  capable  of  saturating  a  and  4  univalent 

Propiolic  Acid.  CH  ;  C.CO,H,  Propargylic  Acid  [Propin  Acid],  meliinf; 
at  +  6°  and  boiling  with  decomposilion  ai  144°  [p.  132).  corresponds  lo  ptopar^yl 
alcohol.  The  fiB/nsriam  iail,  CjHKO, +  H,0,  is  produced  from  the  primary 
poUssium  salt  of  acetylene  dicarboxylic  «cid ,  when  its  aqueous  solution  is  heated : 


:.cn,K       C.CO,K 

:  manner  fi-om  malonic  acid  (p.  244). 


t 

ll 


acal  silver  and  cuprous 
ivalives.  By  prolonged 
ing  wiifa  water  tbe  potasjium  Sail  is  decomposed  into  acetyleoe  and  potassium 
carbonate. 

Free  propiolic  acid,  liberated  from  ihe  polaraium  salt,  is  a  liquid  with  an  odor 
rcf^embling  that  of  glacial  acetic  acid.  The  acid  dissolves  readily  in  water,  alcohol, 
•nd  elber,  and  reduces  silner  and  plallnum  salts.  Exposed  to  snnlight  (away  from 
nir  conlacl)  it  polymeriics  lo  trlmcsic  acid,  3C„H  .  CO,H  =  C;H,(C0,H),.  Sodium 
amalgam  converts  it  inlo  propionic  acid,  ll  Tonns  ^-halogen  acrylic  acids  with 
the  haloeen  acids  (p.  lEl)  (B.  I g,  543),  and  with  the  halogens  yields  a^.dihalogen- 
ac I  y lie  acids. 

'Hie  rM]>/ <i/Vr  boils  al  lig*.  With  ammoniacal  cuprous  chloride  it  unites  lo  a 
stable  yellow- colored  compound.  Zinc  and  sulphuric  acid  reduce  i(  to  elbyl  ptopar- 
gylic  ester  (p.  136)  (B  iB,  227'). 

Chlorpropiolic  Acid,  CCIsC.  CO,H,  and  Brompropiolic   Acid,  C^BrHO,, 

re  been   obtained  a*  barium  salts  from  dichloracrylic  and  mucobromic  acid*, 
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rslI,(.'l/\  and  CII,Ur,0|.  lodopropioUc  Acid  is  obuined  by  sapooifjring  its  ethjrl 
est  or,  inching  at  68^.  It  melts  at  140®.  The  ethyl  ester  may  be  prepared  from  the 
Cu  (lerivatrve  of  propiolic  ester  (see  above)  by  the  action  of  iodine. 


I 


The  three  acids  decompose  readily  into  carbon  dioxide  and  spon- 
taneously inflammable  chloracetyUne^  CC1  =  CH9  bromaceiylene  and 
iodoacetyleni.  The  addition  of  haloid  acids  leads  to  A^-dihalogen- 
acrylic  acids,  while  the  halogens  form  trUiaiagen-acryUc  acids. 

Carhon  dioxide  converts  the  sodium  compotmds  of  the  correspond- 
ing alkyl  acetylenes  into  the  following  homologuesof  propiolic  acid 
0*.  ia,'S53  ;  J.  pr.  Ch.  [2]  37,  417)  : 

M.  P.        B.  P. 

Tetrolic  Acid,  Methvl-acetylene 

Cayhoxyii.  A.id      ' CH,C  =  C.CO,H     76®  203* 

Ethyl  -  acetylene    Carboxylic 

Acid     CH,.CH,.C=C.CO,H    8o<»  — 

n-Propyl -acetylene    Carbox- 

ylicAcid CH,.CH,.CH,.C=C.CO,H     27*         I25« 

Isopropyl-acetylene    Carbox-  (20  mm.) 

ylic  Acid (CH,),CH.  C=C.  CO,H    38*         xo;* 

n  -  Butyl  -  acetylene    Carbox-  (20  mm.) 

ylic  Acid CH,.  [CH,],ChiC.CO,H  liqaid       I36» 

(20  mm.) 

( )r  (I)OM',  Tetrolic  Acid  has  been  the  most  thoroughly  investigated,  and  is 
fil>t;iiiii'fl  from  .\  chlorcrotonic  acid  and  /3-chIorisocrotonic  acid  when  these  are 
lH>ilril  with  p(it.isli.  At  210°  the  acid  decomposes  into  CO,  and  allylene,  C^H^  (B. 
27i  i^-  75 1 ^-  rota^simn  i)ormanganate  oxidizes  it  to  acetic  and  oxalic  acids.  It 
Miinhiiios  with  lU'l  and  lli^r,  forming  /^chlorc^otonic  acid  and  /)-hromcro(onic  add 
(H.  22,  Iv.  51 ;  21,  K.  243).  With  bromine,  in  sunlight,  it  yields  dibromcrotonic  acid^ 
iix'hin^  at  i  jiV\  whrrras  in  the  dark  the  halogen  produces  a  dibrom-acid,  melting  at 
<)4^  \\\.  28,  1S77).  «  ifTrichlorbiityric  acid  (p.  276)  upon  the  loss  of  HCl  yields 
two  di.h!or,rof.>nit-  iiii</s,  one  melting  at  75°  and  the  other  at  92®  (B.  a8,  2665). 
These  are  two  arids  which  are  pro<luced  when  chlorine  acts  upon  tetrotic  acid. 

Several  higher  liomologues  of  propiolic  acid  have  been  prepared  by  the  action  of 
alcoliolic  iM)tash  upon  the  l)romaddition  products  of  the  higher  olefine  monocarboxylic 
aciils  y).  27S)  : 

UndecoHc  Acid,  C ..,11,^0^,  obtained  from  undecylenic  acid  (p.  2S4),  fuses  at 
StS^.  Stearolic  Acid,  Cj^II^^^^  (constitution,  see  p.  285),  is  obtained  from  oleic 
and  el.ildic  acids.  It  melts  at  48°.  Behenolic  Acid,  CIh^O,  (constitntion,  see 
p.  2S6),  from  the  bromides  of  erucic  and  brassidic  acids,  melts  at  57-5®.  On  warm- 
ing the  last  two  acids  with  fuming  nitric  acid  they  yield  the  monobasic  acids:  stear- 
oxvlic,  or  i^.iodioxvstearic  acid,  CHs[CH,],CO.  COrCH,]jCO^H,  melting  at  86», 
and  bffu'uoxvIU,  or  isMdioxobehenic  acid,  CH5[CH,],C0.  CO .  [ClI,],jCO,H, 
meltinR  at  oO'^  (B.  28,  276). 

Sulphuric  acid  converts  stearolic  acid  into  ketostearic  acid,  and  behenolic  acid  into 
ketobrassidic  acid  (B.  26,  1867),  whose  oximes  are  then  transposed  by  the  snlphuric 
acid  into  C^Hj^CO .  NII[CHj]gCOjH  (p.  285).  (Oxidation,  compare  erucic  and 
l)rassidic  acids,  p.  2S6.) 


D.  DIOLEPINB  CARBOXYLIC  ACIDS. 

Rutdihie  Carboxylic  Acid,  CH, :  CH  .  CH  :  CHCO,H,  melting  at  I02«,  is  formed, 
together  with  ethidene  propionic  acid  (p.  283),  by  the  reduction  of  percklorbutdiiHe 
carboxylic  acid,  CCl,:  CCl .  CCl  :CCl.CO,H,  melting  at  97**,  and  perckUrhtHtu 
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cariaxyiimn  J,  CO,.  C  ':  C.CC1,.C0,H,  welling  at  IZ?".  These  are  producW  of 
decomposilioD  resuliiog  iVoBi  the  two  heiB-chlot-R-peatcnes  upon  Ireatiaeiit  with 
alkali  <B.  i8.  1644). 

Sorbic  Acid,  CH,CH :  CH .  CH :  CK .  CO,K,  is  obttioed  from  sobinol,  a  lactone 
al  paraierbit  ant/ (see  this),  occurrioB. 'ofi=ther  with  malic  acid,  in  the  juice  of  unripe 
mountain-ash  berries  (from  Sorbta  attcaparid)  (A.  no,  129),  on  boiling  with  cansiic 
soda,  or  nilh  hydrochloric  acid  (B.  vj,  3SI].  Potassinm  pernianganale  oxidizes  it 
to  aldehyde  and  racemic  acid  (see  this),  which  establishes  the  constitution  of  the  acid 
(B.  83,1377;  14.85)! 

CH,.CH-CH.CH:CH.CO,H  +  H,0  +  40  =  CH,.CH0  +  C0,H.{CH-OH),.C0,H. 


The  tlhyl  tOer  boils  at  195".  Nascent  hydrogen  converts  the  acid  into  hydre- 
icrbir  ocid. 

Diallylscetic  Acid.  (CH, :  CH  .  CH,),CH .  CO,H,  H  obtained  from  eihyl  dialiyl- 
■ceto-Bcetate  and  diallyl  mslonic  acid.  It  boils  al  327°.  Nilric  ncid  oiidizes  it  (o 
Iricarballylic  acid,  IC0,H  .  CH,),CHCO,H  ), 

Gtranic  Add  belongs  to  tbe  class  of  oltfiae  dicaiboiylic  adds.  It  will  be  de- 
scribed together  with  the  olefine  terpene  bodies. 


IV.     DIHYDRIC    ALCOHOLS    OR    GLYCOLS,     AND 
THEIR    OXIDATION    PRODUCTS. 

The  moiiohydric  alcohols,  with  their  oxidation  products, — the  alde- 
hydes, the  ketones,  and  the  monocarboxylic  acids,  wilh  their  deriva- 
tives,— were  discussed  in  the  preceding  section. 

Closely  allied  to  these  are  the  dihydrU  alcohols  or  glycols,  and  such 
cnmpounds  as  may  be  considered  oxidation  products  of  \he  glycols. 

The  glycols  are  derived  from  the  hydrocarbons  by  the  replacement 
of  two  hydrogen  atoms  attached  to  two  different  carbon  atoms  by  two 
hydroxyls.  In  the  case  of  the  monohydric  alcohols  we  distinguished 
three  classes — primary,  secondary,  and  tertiary  alcohols.  With  the 
glycols  the  classes  are  twice  as  numerous.  The  compounds,  which  may 
be  considered  as  oxidation  products  of  the  glycols,  contain  either  ton 
similar,  reactive,  atomic  groups — e-  g.  : 

the  dialdehydes  (gfyoxal,  CHO.CHO), 

the  diketones  {diacetyt,  CH, .  CO  .  CO .  CH,), 

the  dicarboxylic  acids  {oxalic  acid.  COOH  .  COOH), 
and  therefore  manifest  dttuble  the  typical  pro|(erties  of  the  oxidation 
products  of  the  monohydric  alcohols — compounds  of  double  function  ; 
or  they  contain  fwo  different  reactive  atomic  groups  in  the  same 
molecule,  and  have,  therefore,  the  typical  properties  of  different 
'5 
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families  of  compounds.     The  following  bodies  have  such  a  mixed 

function : 

Aldt'hxJe  Alcohols  {Glycolylaltlehydt,  CH.OH.  CHO) 
Ketone  Alcohols  {Acetylcarbinol,  CH,OH  .  CO .  CH,) 
Alilehvtlc  Ketones  {Pyroracemic  Aldehyde^  CH, .  CO  .  CHO) 
Alcohol  Acids  or  Oxyacids  {^Glycollic  Acid,  CH, .  OH  .  COOH) 
Aldehydic  Acids  (  Glyoxylic  Acid,  CHO .  CO^H) 
Ke tonic  Acids  (^Pyroracemic  Acid,  CHjCO .  CC)OH). 

Four  families — alcohols,  aldehydes,  ketones,  and  monocaxboxylic  acids— occur 
with  the  inonohydric  alcohols  and  their  oxidation  products,  while  in  the  case  of  the 
dihydric  alcohols  and  their  oxidation  products  ten  classes  of  derivatives  are  known. 
The  successive  series  in  which  these  ten  classes  will  be  discussed  readily  follow,  if 
their  systematic  interdependence  be  developed  similarly  to  that  of  the  univalent 
alcohols  and  their  oxidation  products. 

MoNoiiYDRic  Alcohols  and  their  Oxidation  Products. 

4.  Monocaiboxylic  Adds. 


III.  Primary  Alcohols, 
lb.  Secondary 
Ic,  Tertiary 


«« 


i< 


2.  Aldehydes, 

3.  Ketones, 


Dihydric  Alcohols  and  their  Oxidation  Products. 

1(7.    Diprimary  Glycols,    2a.  prim.  Oxyaldehydes,     7^.  prim.  Ozycarbozylic 

Acids, 
4.     Dialdehydes,  8.     Aldehydocarbozylic 

Acids, 
10.  Dicarbozylic  Acids, 
COOH 

CH, .  OH 
Glycoflic  Acid 

CO,H  COOH 

CHO  COOH 

Glyoxylic  Acid  Oxalic  Acid 

lb.  sec.  Oxycarboxylic 
Acids, 

9.     Ketone  Carbozylic 
Acids, 

7<r.  tert.  Oxycarboxylic 
Acicb. 


CII,.On  CHO 

Ch].OU  CHjOH 

Glycol  Glycolylaldehyde 

CHO 

CHO 

Glyoxal 

\h.    Prim.  sec.  Glycols,      lb,   sec.  Oxyaldehydes, 

3^.  prim.  Oxy ketones, 
5.     Aldehydketones, 


ic.  Prim.  tert.  Glycols, 

I./.  Disecond.  (ilycols, 

If-.  Sec.  tert.  Glycols, 

\f.  DiUMt.  Glycols. 


2r.   tert.  Oxyaldehydes, 
3/^.  sec.  Oxyketones, 
6.     Diketones, 
y.   tert.  Oxyketones. 


The  dihydric  alcohols  and  their  oxidation  products  will  be  described 
and  disciis.sed  in  the  following  order: 

1 .  Glycols,  Diacid  alcohols, 

2.  Oxyaldehydes,  Aldehyde  alcohols,     3.  Oxyketones,  Ketone  a/eo- 
hols, 

4.  Dialdehydes.     5.  Aldehyde  ketones.     6.  Diketones. 

7.  Oxyacids,  Alcohol  monocar  boxy  lie  acids. 

8.  Aldehyde  monocarboxylic  acids.    9.  Ketomonocarboxylic  acids. 
10.  Dicarboxylic  acids. 


OR   GLYCOLS. 

From  the  very  nature  of  the  conditions  there  are  no  compounds  in 
any  of  these  series  which  contain  but  one  carbon  atom  in  the  molecule. 
However,  carbonic  acid  with  its  exceedingly  numerous  derivatives 
will  be  introduced  before  the  dicarboxylic  acids — the  earbemc  aeid 
group. 

Cnrbonic  kcid  is  the  simpleEt  dibasic  acid ;  il  is  similar,  in  man]'  respects,  to  the 
dicnrboiylic  acids  and  a  special  type  for  such  acids,  which,  tike  it,  only  occur  in  an 
anhydride  form.  Formic  acid,  the  limplesl  acid,  showing,  at  one  and  the  same  lime, 
the  character  of  an  aldehyde  and  a  monocarbonylic  acid,  mi^bt,  (or  the  reiy  same 
mson,  have  been  placed  tiefote  glyoiylie  acid,  at  the  head  of  the  aldehyde  acids. 
I  lowever,  it  is  citslotnary  to  place  foimic  acid  at  the  head  of  the  fatty  aciiU,  because 
Ibe  acid  nature  In  il  appears  more  frequently  than  does  its  aldehyde  character. 


I.  DIHYDRIC  ALCOHOLS  OR  GLYCOLS. 
A.    PARAFFIN  QLVCOLS. 

WUrtz  (1856)  discovered  glycol,  and  thus  succeeded  in  filling  out 
the  gap  between  the  monohydric  alcohols  and  the  triacid  alcohol, 
glycerol,  WUrtz  chose  the  name  glycol  to  indicate  the  relation  of  the 
new  body  to  alcohol  on  the  one  hand  and  glycerol  on  the  other. 
Glycols  are  distinguished  as  a-,  (S-,  j--,  i-,  etc.,  according  as  the  hy- 
droxyls  are  attached  to  adjacent  carbon  atoms,  or  in  1.3  ,  1,4-,  and 
1,5-  positions  respectively.  There  are  also  diprimary,  primary- 
secondary,  etc.,  glycols  (consult  p.  290).  The  Geneva  names  are  ob- 
tained for  the  glycols  by  attaching  the  final  syllable  "  diol  "  to  the 
name  of  the  parent  hydrocarbon. 

Glycols  differ  from  the  monohydric  alcohols  just  as  the  oxyhydraies 
of  bivalent  metals  differ  from  those  of  univalent  metals,  or  as  a  dibasic 
acid  from -a  monobasic  acid.  As  a  rule,  the  reactions  leading  from  the 
monohydric  alcohols  and  glycols  to  their  corresponding  derivatives 
are  very  similar.  It  is  only  in  the  ca-se  of  the  two  hydroxyl  groups 
of  the  glycols  that  they  are  able  to  successively  pass  to  completion, 
and  in  so  doing  they  give  rise  first  to  siihslances  which  still  show  the 
character  of  a  monohydric  alcohol.  Take  ethylene  glycol,  for  ex- 
ample: it  is  capable  of  forming  a  mono-  and  dialVali  glycollale,  cor- 
responding to  the  alcoholates  of  the  monohydric  alcohols,  mono-  and 
dialkyl  ethers,  mono-  and  dihalogen  esters,  nitric  acid  esters  and 
esters  of  organic  acids,  t.  f..- 

Clt, . ONfl  CH, .  O ,  C,t^  CH, .  O .  C,H( 

fcHj.ONa         ilL.OH  (I:h,.O.C,H, 

DiawliiiBt  Glycol  Mooo-ethyl  Glycol  Diethyl 

Gtycotlntc  Bther  Elhcr 

ch, .  o.  coch,  ch, .  o ,  coch, 

6l.oh  4h,.o.coch, 

Clycol-monacelalc  G1yC0|.dlacMaU. 


CH,.OH 

Clt, 

ONa 

t3H,.OH 

Glycol 

CH,.a 

Monu 
Glyc 

OH 

CH,a 

CH,   OH 
Olvcol- 

^& 
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All  the  mono  com ;x)unds  also  manifest  the  character  of  monohydric 
alcohols;  they  and  the  di  compounds,  which  have  been  mentioned, 
can  1)0  obtained  from  the  glycols  by  the  same  methods  as  the  corre- 
si)on(Iinf,'  transposition  products  of  the  monohydric  alcohols. 

The  sulphur-  and  nitrogen  containing  derivatives  of  the  glycols 
correspond  to  like  derivatives  of  the  monacid  alcohols: 

CH.SII  CIIj.SH  CH,.NH,  CH,.NH, 

rii,.on  cHj.sH  bH,.OH  <!:h,.nh, 

MonothiD-Kiycol  Dithio-slycol  Oxyethylaniine  Ethylene  Diamine. 

The  aldehydes  have  been  repeatedly  spoken  of  as  the  anhydrides  of 
diacid  alcohols,  in  which  the  two  hydroxyl  groups  are  joined  to  the 
sivfic  carbon  atom,  and  which  can  only  exist  under  special  conditions. 
Yet,  the  ethers  or  acetals,  esters  and  other  derivatives  of  these  hypo- 
thetical compounds  are  stable.  These  bodies  are  naturally  isomeric 
with  the  corresponding  derivatives  of  the  diacid  alcohols,  in  which 
the  hydroxy  Is  are  attached  to  different  carbon  atoms.  The  following, 
for  example,  are  isomeric: 

Cn,.(:il     (5  J^=I{*       Acctal  and  ^!!» '  ^ ' ^^"*   Glycoldicthyl  Eihcr 

CIl3.c:iI     o:[^Jl^^II^  Kthidene  Diacctate  and  ^!!* '  ^ '  p^S"*  Glycol  Diacetate 

CII3.cn     ^.,.    Aldehyde  Ammonia      and  ',  OxyethylamiDe. 

The   cyclic  derivatives  of  the  glycols  are  extremely  characteristic. 

Thus,  glycol  yields  two  cyclic  ethers : 

CIL  CIL.O.CH.         ,    , 

I     *     0  Kthylcnc  Oxide         1     '  1     '  Diethylene  Oxide. 

CI  I,  ^  CHj.O.CH,  ^ 

and  also  sulphur-  and  nitrogen-compounds  corresiX)nding  to  diethylene 
oxide : 

c.\\ .  s .  cn,  CH, .  Nil .  cn,  ch,  .  nh  .  ch, 

ciij.s.cii,  cii,.  o.  c':h,  ch,.nh.6h, 

Difthylciie  Oi.snlphide         Diethylcneimiile  (.)xide  Diethyleneimide. 

Methods  of  Formation. — The  first  three  methods  proceed  from  the 
oU'fiiRs,  and  lead,  according  to  the  constitution  of  the  latter,  to  glycols 
t)f  every  description. 

'i'he  halo^ien  addition  products  of  the  olefines — the  alkylen  haloids 
— may  be  rc^^arded  as  the  haloid  acid  esters  of  the  glycols.  When 
these  are  acted  upon  by  alkalies,  with  the  purpose  of  exchanging 
hydroxyl  for  their  halogen,  they  si)lit  off  a  halogen  hydride  and  pass 
first  into  monohalogen  olefines  and  then  into  acetylenes.  It  was 
Wiirtz  who  observed  that  it  was  only  necessary  to  treat  the  alkylen 
haloids  with  acetates  in  order  to  reach  the  acetic  esters  of  the  glycols, 
and  then,  by  saponification  with  alkalies,  to  obtain  the  glycols. 
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(i )  By  heating  the  alkyten  haloids  (p.  lo i)  with  silver  acetate  (and 
glacial  acetic  acid),  or  with  potassium  acetate  In  alcoholic  solution  : 

C,M.I,  +  aC,H,0, .  Ag  =  C,H.<^ ;  ^'l]"^  +  sAgl. 
Eihyl«iic  DianlaU. 

Inasmuch  as  the  alkylens  are  made  frotn  tnonohydric  alcohols  by 
the  withdrawal  of  water,  and  are  transformed  by  the  addition  of 
halogens  into  alkylen  haloids,  the  preceding  reaction  may  be  regarded 
as  a  method  of  convening  monohydric  alcohols  into  dihydric  alcohols 
or  glycols.  The  resulting  acetic  eaters  are  purified  by  distillation,  and 
[hen  saponified  by  KOH  or  baryta  water: 


^".<C:§h:C+^^o"  = 


f")H.<(jH  +  3C,U,0,K. 


A  direct  conversion  of  alkylen  faaloids  ii 
Ibem  with  water  (A.  186,  agjj,  wilb  water  a 
cBrboniUe. 

(2)  Anolher  procedure  consists  in  shaking  the  alliylens,  Cj^H]„.  wilb  aijueous 
liypochlorous  acid,  and  afterward  decomposing  Ihe  chlorhjdrins  formed  with  moisl 
silver  oxide : 

C,H.  +  aOH  =  C,n.<OHand 

<^.".<o'h  +  -^eOH  =  C,H,<g[|  +  AgCl. 

(3)  By  Ihe  oxidation  of  the  olefines  (1)  in  allialine  solution  (p.  (13.  Wagner,  B- 
31,  1230]  with  potassium  pfirmnnganale ;  (i)  with  hydrogrn  peroxide.  Thus,  elhyl- 
eueyieidif/V"'*'*'''"';  isol'iHjleoe,  iioMyltnt glyrel,  (CH,|,.  C(OH) .  CH,.  OH  : 

Cn,  CH,.OH 

II         +  O  +  H,0  =  I 

ClI,  CHj.OH 

(4)  By  the  action  of  nitrous  acid  on  diamines  (p.  166).  As  these 
diamines  can  be  obtained  from  the  corresponding  nitrilcs  of  dibasic 
acids,  and  the  nilriles  themselves  from  alkylen  haloids,  therefore  these 
reactions  not  only  ally  the  classes  of  derivatives  mentioned,  but  they 
afford  a  means  of  building  up  the  glycols : 


CH.Br 

CH.CN 

CH,.CH,.Nir, 

CIlj.CHjOH 

CH, 

— ?-  CH,       

— 5-cir,              — 

— >  Ch, 

CH.Br 

i:H,CN 

Cn,-CH,.NH, 
Diamine 

CIl,CH,.OH 

cTycDl!' 

(5)  Some  glycols  have  been  prepared  by  the  reduction  of  the  cor- 
responding aldehydes  or  ketones ;  thus,  irf-butyUni  glycol  by  the  reduc- 
tion oK aldol :  aS-liexylene glycol  horn  y-acetiibutyl-alfohol'),  etc. 

Nucltui-iynthelU  Melhoils. — (6)  Ditecomlary  glycols  are  produced 
on  treating  certain  aldehydes  with  alcoholic  potash,  when  two 
aldehyde  molecules  are  reduced  to  a  disecondary  glycol,  and  one  is 
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oxidized  to  the  corres]X)nding  carboxylic  acid  (B.  29,  R.  350).     Iso- 
butyraldchydc  yielded  symmetrical  di-iso^opyl  ethyUme  gfycoi  : 

{CH-)-CH .  CI10H 
3(CII,),CH .  Clio  +  KOH  =  (CH,), .  CHCOOK  +  (ch|),CH    eHOH. 

(7)  Ditertiary  glycols  result,  together  with  secondary  alcohols,  in 
the  reduction  of  ketones  (p.  212).  In  this  xoaxiixzx pinacone  or  tetra- 
methyl' f  thy  I  glycol  {\^.  296)  was  made  from  acetone  (Friedel)  : 

2(CH,),C0  +  2H  =  ^^"»^  •  ^P^ 
^      *'•       ^  (CH,),.COH' 

Properties. — The  glycols  are  neutral,  thick  liquids,  holding,  as  far 
as  their  projierties  are  concerned,  a  place  intermediate  between  the 
monohydric  alcohols  and  trihydric  glycerol.  The  solubility  of  a 
c()in[)()und  in  water  increases  according  to  the  accumulation  of  OH 
groups  in  it,  and  it  will  be  correspondingly  less  soluble  in  alcohol, 
and  es]>ecially  in  ether.  There  will  be  also  an  appreciable  rise  in  the 
boiling  icm]>erature,  while  the  body  acquires  at  the  same  time  a  sweet 
taste,  inasmuch  as  there  occurs  a  gradual  transition  from  the  hydro- 
carbons  to  the  sugars.  In  accord  with  this,  the  glycols  have  a  sweetish 
taste,  are  very  easily  soluble  in  water,  slightly  soluble  in  ether,  and 
l)nil  much  higher  (about  100°)  than  the  corresponding  noonohydric 
alcohols. 

/iehiii'ior.—{\)  With  dehydrating  agents,  see  alkylen  oxides: 
cycli<-  esters  of  the  glycols.     2d  Method  of  formation,  page  298. 

(2)  Many  glycols,  when  oxidized,  esi)ecially  the  primary,  pass  into 
the  ctorresponding  oxidation  products;  see  ethylene  glycol;  others 
break  down  with  the  splitting-off  of  carbon  chains. 

(,^)  ('ondnct  toward  the  haloid  acids,  nitric  acid,  concentrated 
sulphuric  acid,  acid  chlorides  and  acid  anhydrides;  see  esters  of  the 
glycols,  page  ^00. 

1.  Ethylene  Glycol,  [1.2-Ethandiol],  CH,OH  .  CH,OH,  melt- 
ing at  — 1 1.5**,  boiling  at  197.5**,  with  a  specific  gravity  of  1.125(0°), 
is  niiscible  with  water  and  alcohol.  Ether  dissolves  but  small  quanti- 
ties of  it. 

It  may  be  obtained  from  ethylene  through  ethylene  bromide  (ethy- 
lene chloride)  [general  method  of  formation,  p.  293^  or  by  direct 
oxidation,  and  also  from  ethylene  oxide  by  the  absorption  of  water  : 

CIV  CHj.OH 

Prtpti ration. — l^il  1 88  grams  ethylene  bromide,  1 33  grams  K,CO,  and  I  liter  of 
water,  with  a  return  condenser,  until  all  the  ethylene  bromide  is  dissolved  (A.  19a, 
240  and  250).  It  would  be  more  advantageous  to  take  a  little  water  and  add 
ethylene  bromide  and  the  carbonate  in  portions,  filtering  from  time  to  time  from  the 
separated  potassium  bromide. 

Depotimcnt — (1)  On  heating  ethylene  glycol  with  zinc  chloride 
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water  is  eliminated  and  acecaldehyde  (and  crotun aldehyde)  formed, 
(a)  Nitric  acid  oxidizes  glycol  to  glycollic  acid  and  glyoxal,  glyoxylic 
acid  and  oxalic  acid.  The  lirst  oxidation  product,  glycolaldehyde 
(see  this),  is  further  oxidized  too  rapidly  : 

CH,,OH  COOH  Clio  COOH  COOH 

Glycol  ClycoMk  Add    Glyoioi  (irr  this)     Glyotyllf  Acid  Oialic  Acid. 

(3)  And  when  glycol  is  healed,  together  with  caustic  potash,  to 
250°,  it  is  oxidized  to  oxalic  acid  with  evolution  of  hydrogen. 

(4)  Healed  to  160' with  concentrated  hydrochloric  acid,  f/l'fo/cA/cr- 
hyiirin  results ;  which  at  200°  is  converted  into  ethylene  (hhriiie. 

Cs)  The  latter  is  also  produced  when  PCIj  acts  upon  glycol, 

(6)  Nitric-sulphuric  acid  changes  glycol  \.o  glycol dinitt ate. 

(7)  Concentrated  sulphuric  acid  and  glycol  yield  glycol  stilphale. 

(8)  The  acid  chlorides  or  acid  anhydrides  produce  mono-  and  di- 
esiersof  glycol. 

Glycallalri  : 

Metallic  sodium  dissolves  in  glycol,  forming  sodium  glycotlaCe,  ''I'^i'^nNi '  ""'^ 
(at  170°)  disodium  glycollale,  C,H,(ONa),.  Boih  are  white,  cr]slalliDe  bodies, 
regeneraling  glycol  with  water.     The  alkjrloeens  convert  ihcm  inio  elhers. 

Polyitkyltnc  Gly^alt  .■ 

Ethylene  oxide  ataorbs  water  sod  becomes  glycol.  The  laller  and  elhylene  oiide 
unite  at  100°  in  varying  proportions,  thus  yielding  the  polyethylene  glycols  : 


aC-H.O  4-  C,H.<>;n  ^  C,H,t;        Triethylene  glycol,  b.  p.,  187°. 


The  polyglycoU  are  thick  liquids,  with  high  boiling  poinls,  They  behave  like 
the  glycols.  F.lker-acids  may  be  obtained  from  them  by  oxidation  with  ddule  nilric 
acid  \  thus  diglycollic  scid  (see  this)  is  formed  from  dielhylene  alcohol, 

a.  Propylene  Glycols,  C,H,(OH),. 

The  two  glycols  theoreticallv  possible  are  known.  TrimelhyleHe 
glycol  [1.3-Propandiol],  CH,(OH)  .  CH,.  CH,(OH),  is  formed  from 
tri methylene  bromide  (B.  16,  393)  and  from  glycerol  in  the  schizo- 
mycetesferntentation,  together  with  i\-hutyl  alcohol  (B,  20,  R,  706), 
Nioderately  oxidized,  it  forms  ^9- ox y propionic  acid  or  hydraciylic  acid. 


I 


I 
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a-Propylene    Glycol  [i.j-Propandiol],  CH,.  CH(OH)  .  CH,.-I 

OH,  is  ubiaiiicd  tVi>m  propylene  bromide  or  chloride.  It  is  roost 
readily  prepared  by  distilling  glycerol  with  sodium  hydroxide  (B.  13, 
1805).  It  boils  at  188°.  At  0°  its  specific  gravity  equals  1.051. 
Platinuni  black  oxidizes  it  to  ordinary  ladic  add.  Only  acetic  acid 
is  formed  when  chromic  acid  is  the  oxidizing  agent.  Conceoirated 
hydriodic  acid  changes  it  to  isopropyl  alcohol  and  its  iodide.  Il 
Contains  an  asymmetric  carbon  atom,  and  when  exposed  to  the  action 
of  ihe  ferment  Bacterium  Urmo,  becomes  opticallv  active  (B.  14,  S43). 

3.  Butylene  Glycols,  C.H,(OH),. 

Five  of  ihc  III  po9sil>te  bulylene  glycols  are  known 

Tetrameihylene  Glycol  [1.4  Bulninliol],  CH,(Oi[) .  (CH.L.CH, .  OH.  ob- 
Uined  from  teitamMhylcnc-diniliBinine  by  means  of  sulphuric  ■cid,  boils  M  20i-aoi* 

n  Butylene  Glycol,  CH, .  CH,.  CH{OK) .  CH,  .OH,  boila  «t  rqi-iga". 
/ij-Butylene  Glycol.  CH, .  CH(OH) .  CH| OH) .  CH„  boils  ai  lSi-i»4», 
Isobutylene  Glycol.  (CH,),.  C(OH).  CH,,OH,  boils «  176-178'. 

jSButylenc  Glycol  [r.j-Butandiol],  CH,.CH{OH>CH,.  CH,.- 
OH,  boiling  at  107",  is  formed  by  the  reduction  of  aUol. 

4.  Amylene  Glycols,  C,H„(OH),. 

Penumethylene  Glycol,  CH,<^"» '  ^^' "  Ji]"  ,  obtained  from  penu- 
mclhyleDC'diiuiime  by  the  4ih  method  or  fonnBiioD  (p.  293),  boiU  al  360°. 

The  following  glycols  have  been  tuade  from  amylene  bromides: 

^-Amylene  Glycol,  CH,-  CH,.  CH(OH)  -CH(OH) ,  CH,.  boils  ii  187". 
u-l80Hmylene  Glycol,  iCH,),CH .  CH(OH) .  CH,(Ot[).  boils  at  106°. 
;}  laoamylene  Glycol,  (CH,),ClOH) .  CH(OH).  CM,,  boils »t  i;?'. 
j-Uoamyleoe   Glycol,    (CH,),C(OH)CH,.  CH.OII,   l«ils   nl    203'    (B.   jj, 

\2.A-P'»taHiliBl-\.  CH,CH(OH)CH,CnoHCH,.  obiaEned  by  ihe  reduction  of 
acetyl -acetone,  boils  at  177°. 

j'-Peniylene  Glycol,  CH,.CH(OH).CH,.CH,.  CH,.OH,  is  foimed  Iroa 
acetO'pmpyl  alcohol,  by  reduction.  It  boils  >i  319°,  >°<l  p^rtlf  decomposes  iaio 
niler  and  y-pentylene  oxide. 

Pentaglycol,  (CH,),C(CH,OH)„  toclling  al  \i<f  and  boiling  al  no",  i»  pn>. 
duced  by  the  condeusalion  rX  isobnlyraldehyde  and  fomiBldehyde  by  lime, 

5.  Heiylene  Glycols,  C,H.,(OH),, 

.' Hejtylene  Glycol,  CH,.  CH(Ofl)  .  (CH,1,  ,CH,OH,  is  obtained  from  aceto- 
bu(yl  alcohol  (see  thisV  II  boils  at  ijs°  (under  7 lo  mm.  pressure)  and  speedily 
passes  into  i-heiyl^t  exidt.  He xam ethylene  Glycol,  HO[CH,],OH  (B.  97, 
"7;  K,73S). 

Pinacone,  Teliamethyl- ethylene  Glycol,  (CH,1,  C{OH} ,  C(OH) .  (CH,),  + 
6H,U,is  fonned,  together  with  isopropyl  alcohol,  when  sodium  (B.  17.454)  (aee 
7th  method  of  futmation.  p.  194)  acts  upon  aqueous  acetone.  Il  ctyitnlliics  from  lis 
aqueous  solution  in  qu«dralic  plates  (hence  the  name,  from  rrival,  plaiet.  mdling  at 
42°,  and  graduaHy  etHoresdog  on  exposure.  In  the  anhydrous  state  ii  roelu  at  jS" 
and  boils  at  171-171". 

When  heated  with  dilute  lulphuric  or  hydrochloric  acid  pinacone  parts  wiib  one 
molecule  of  water,  and  by  intrarooiecukr  Iransposillon.  becomes /'""i'''/"",  or  ftrfiaiy 
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Aulyl-metAyi  telene.  Its  isomeride ,  iV  ramttkyl-itkyUHe  txidt[^.  199).  iiabo  known. 
It  i:omlnn«»  reudilf  wilb  waier,  vietdiiig  pinncone. 

A  aeries  ot  aliphatic  keloaes  has  been  prepared  by  reduction  in  the  same  manner 
as  will)  pinacone  :  Ulra-alkyliud  ilhylnu  glycols  bave  been  made.  It  \i  cuilomarj 
10  designate  tbcse  u  pinaconrs.  They  bebave  just  like  pinaconi  toward  dilute 
sulphuric  and  hydrochloric  acids. 

Di-iaopropyl  Qlycol.  [(CH,),CH  .  CH .  OH],,  mclling  ai  51,5=  and  Uiling  at 
ZZ2-I1  j°,  has  been  prepared  from  isobutjrraldehyde  by  method  6  (p.  193).  Isovsler- 
aldebyde  has  }-iclded  (he  corresponding  disecondary  glycol,  and  a  mixture  of  isobulyl- 
andisovnleraldehydc  gave  a  mixed  disecondary  glycol,  Mtlhyl~H-prepyl-ilhyl  ilhyltHt 
glycol,  CH,(C,H,)C(OH)CHlOH)C,H5  (B.  17.  R.  166). 


B.  UNSATURATED  GLYCOLS.  OLEPINE  GLVCOLS,  ACETYLENE  OLVCOLS. 
Unsatunlled  diacid  akohol^  have  been  Uut  slightly  invealigaled.  Tbe  simplest 
repiesentaliiei  possible  Iheoielicslly  are  not  known,  and  probably  arc  not  capable  of 
eiisling. 

See  p.  299,  upon  the  view  of  fuifurane  as  an  oxide  of  an  unknown,  unsaturated 
glycol.     Also  consult  acelonyt  acetone  (see  this). 

Dipropioryl,  dibulyryl,  and  diisoraletyl  are  olefins  glycol  derivaliTes.  They 
resulted  from  the  action  of  melaliic  sodium  upon  an  ethereal  solution  of  propiouyl 
chloride,  Imtyryt  chloride,  and  isobutyryl  chloride  They  are  esters  of  alkyl  acetyl- 
ene glycols  (Klinger  and  Scbmiiz,  B.  34,  1271 ;  B.  38,  R.  iooo). 

DUlhylaielyltHi Glycol Di/>ro/!iaHalt,VtiY'^f\oDy\,  ^"' ' ^° ' ^??'U'.  boiU  at 
C^H. .  CO .  COC,H. 

C,H,.C.CO.C,H, 
lti»'(laiBm.).  Di  n-propylacctylittcGlycolDiiutyralf,D\hatjrs\>f.i,     'f.    j-q    f^[i  ■ 

boils  at  1 19-130"  {11  mm.).  Diisohulyl  Acelylrnt  Glycol  Diiiovaterol!,D\Sxiva!ttty\. 
(CH,),.CH.CH,,C— OCOC.H,     ...      ,„  ,.  ,      1,  .      ,        j 

iwvalcroln,  the  corresponding  o-kctone  alcohols  (see  this),  are  produced,  and  not 
the  alkyl  acetylene  glycols,  when  these  three  compounds  are  ^poniFied. 

I/ixa-di-indiol.  CH,(OH)C  ;  C  — C  ■  C  .  CH,.  OH,  melting  at  1 11°,  U  a  .iiactnl- 
ene  glycel.  It  is  formed  by  the  oxidation  of  the  precipitate  from  propargyl  alcohol 
and  ammoniacal  cupric  chloride  with  potassium  ferricyanide  (Ch,  C.  IB97,  i,  381). 


I 
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L  ALCOHOL  ETHERS  OF  THB  GLYCOLS. 

A.  The  alcohol-ethers  ore  obtained  from  the  meullic  glycollates  by  the  action  of 
the  alkyl  iodides. 

The  raonoalkyl  ethers  of  the  glycols  arise  also  in  the  union  of  elAylene  oxidi  with 
alcohol : 

C;H,<qJJ"  +  C,H,I  =  Nal  +  C,H.<-^^'^«"6,Glyco!monoethyletber.b.p.ii7''. 


£^Hj<^JJ^  +  aC,H,I  =  2NBl  +  C,H,<^'^'^'.  Glycol  diethyl  ether,  b.  p.  123= 


^H  Hydriodic  acid  decomposes  the  neutral  ethers  into  alkyl  iodides  and  glycols  (B. 

^H      bB,  R.   719).     Glycol  itself   is  capable  in   various  ways  of   forming   ethers.      See 
^H    ptmoi  for  the  phenyl  elbei;. 
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Ilic  polycibjlene  »lcohoIs  are 
e  IxFn  klrendj'  considcml  aflFi 

to  glycol  u 


most  clo9e1)r  relaicd  lo  ih«  alcohol  clhen. 
elhflene  glyciil  (p.  395).  Diclhylene  glyi 
ethyt  citier  \<an  to  cihyl  alcubol : 


'    (Flr.t  Elbtt 


fGlyco 


I 
I 


It.  Cjrclic  Ethers  of  the  Qlycols,  Alkylen  Oxidei. 

Bf  asiuming  the  exit  of  a  second  molecule  of  water  from  dietbylene  gljrtol,  the 
liisl  ether  of  gljco],  ihffr*  arises  Vinkyline  OiiJi,  0<ch'  '  ch'--*^"  ""^'"^  "*  9* 
and  boiling  at  102°  1  n  polymeric  ethylene  oxide  (compu«  polymeric  Kldehydcs] 
the  second  ether  ot  glycol.  It  is  obuloed  from  the  red,  crystalline  brom-  ftddiila 
pniHuct  of  ethylene  oxide,  (C,H,0),It[,,  melting  M  65°  and  boiling  at  95°,  when  it  ■ 

treated  with  n.erou>ic  oiide.     ElkyUni  MttkyI  Ethtr,  9|'' '  ">CH,, boiling al 

is  obtained  from  triosymelhylene,  ethylene  glycol  and  ferric  chloride  [  B.  38,  R.  109^ 

Ethjlme  Elhidenc  Ellter.  ■^'     yen  .CM,,  boiling    at    Si-S",  results    from   t 

union  of  ethylene  oxide  and  acelaldehjde.     It  is  isonieric  with  dielhylen 

The  latter  is  a  cjrclic  double  ether,     lint  tthylinr  cjade,   ■     '>0,  the  third 

glycol  (Wflrli),  is  llie  simpler  cyclic  elher  of  glycol. 

'Hie  simple  cyclic  «1hers  of  the  glycols,  the  alkylen  oxides,  are  readily  \ 
in  Tarious  ways,  depending  upon  whether  the  two  OH^groupa  are  attached 
cent  carbon  aloms  or  not,  Alkyten  oxides,  in  which  the  O-aloins  arc  in  un 
adjacent  carbon  alonis,  are  lemied  the  n-alkylen  oxides,  while  the  others  are  the 
j-.d-alkylen  oiides.  (1)  Ethylene  oxide  itself  and  the  ethylene  oxides,  u  well 
the  ^-alkylen  oxides  ItiimethylcDe  oxide),  are  prepared  by  the  action  of  catislic 
upon  the  ehler-  or  krom-hydriH!,  the  moDoiialoid  esters  of  the  respecliTe  gljt 


CH, 


•>0+KCH 


H,0. 


(2)  Tbe  7-  and  il-&lkylen  oiides  (i-pintyltnt  exide,  ptnlamttkyUnt  o»idi\  are 
formed  when  the  glycols  ate  heated  with  sulphuric  acid  (B.  18,  3285 1  ig,  3843)  ; 


H^Oi^ 


^CIL.CH.OH 
^CH,.CH,OH 

r  like   trestmenl 


^  CH,/       ' 

N:h, 


CH/ 


The  a-glycols,  under  like   trestment,   lose  water  and  yield  c 
alcohols,  aldehydes,  ot  pinacotines,  depending  upon  their  constitution  (p.  214). 

The  eijiylene  oxide  ring  is  easily  ruptured,  bcoce  ethylene  oxide  enters  into 
addition  reactions  quite  as  freely  as  its  isomerlde  aceloldehyde.  The  rings  of  tctts- 
and  penlamelbylene  oxides,  however,are  far  more  stable.  These  can  only  be  broken 
up  by  the  haloid  acids. 

Ethylene  Oxide,  i^^'>^i  boiling  at  13.5°,  sp.  gravity  o.SgS  (0°), 
isomeric  with  aceuidehyde,  CH,  .CHO,  is  a  plcasamly  smelling, 
ethereal,  mobile  liquid,  with  a  neutral  reaction,  yet  able  to  gradiiAlU~ 
precipitate    metallic  hydroxides    from   many    metallic    salts   (M»f 
Rot.  und  Refract.,  see  B.  a6,  R.  497)  : 

CH,  CH,,OH        ,      OH 

MgCl.  +  3  c,|  >0  +  3H,0  =  2  t-,  ■  +  Mfi<0H  ■ 
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Elbylene  oiide  is  chiu^cleHteil  by  Us  ncjilitive  power.  (l)  It  combines  wiih 
water  and  slowly  yields  f/ftn/.  (2)  Nascent  hydrogen  coiiverls  it  into  elhy]  alcohol. 
(3)  The  balogcii  hydriiles  unite  with  It  to  fonn  halohydrins,  the  monohaloid  eilers 
of  the  glycols.  (4,  a)  With  alcohol  it  yields  glycol  monoelhyl  ether;  (J)  with  glycol 
it  formB  dielhylene  glycol ;  [i)  and  with  the  latter  it  combines  (□  IriclliylcDe  gljcol. 
(5)  II  forms  ethylene  elhidene  ether  (see  above)  with  aldehyde,  (6)  Acetic  acid 
and  ethylene  oxide  fonn  glycol  monacetatf,  and  (7)  with  acetic  anhydride  the  pioduct 
is  glycol  diacelate.  (S)  Sodium  bisulphite  changes  it  to  sodium  isethionate.  (g) 
Ammonia  change*  ethylene  oiide  lo  onflhylaminc.  (10)  Wiib  hydrocyanic  acid  it 
forma  the  nitiile  o{  rtAy/tnt  laclic  acid  nr  hydracrylic  acid,  from  which  hydrochloric 
acid  produce  the  vthylpne  laclic  acid  itself.  Caustic  potash  polymerizes  ethylene 
oxide  al  50-60°  (B.  iB,  K.  1Q3]. 

For  comparison ,  the  following  additive  reactions  of  ethylene  oxide  and  aldehyde 
ue  arranged  side  by  side  : 


SO.HK        CH,.OH 

in, .  so,K 


cn.cH  fcn,),c^ 

'isidt.  ■     '^O,boUiM3$';/seiufj'lene0iidt,  i      >0, 

at  S'-S^^i  syro.  Dimrlhyt-flhytiiie  Oxidt  a,l  82°;  IrimdhyUlhyliHr  piidr  t/i  75-76°; 
Ulramilhylelkylinf  oxidi,  boiling  at  95-96°,  combines  with  water,  with  the  evolmion 
of  much  heat,  and  yields  pinacone  (p.  I^J. 

Trimethylene  Oxide,  CH,<^||'>0,  boils  al  50".     Preparation,  p.  205. 

'  CH, .  CH, 

Tetranitlhyt/m    Oxidi,    Telrahydro-fnrfutane,  L  >0,    boils    at    57°   (B. 

CH,.C1I(CH,)       *'        ' 
a5,R.9i2).   y-Pmtylmi  Oxid,,  ^^   ^^^'^o'  boils  W??"  (p.  396;  B.aa.  1571). 

Penlamethylene  Oxide,  CH,<^"' "  ch'>".  *»"»  «  82'  (B.  a?,  R.  197). 

CH,.CH(c'h,) 
i-I!<iylenf  Oxide,  CH,<  r^ii  >U>  boiling  at  104°,  does  not  combme  with 

ammonia  ( R.  IS,  J2S,;). 

,4i/i/>nAii».  —  Furfursnc  corresponds  to  letramelhyleoe  oxide.  1 1  may  be  con* 
lidered  as  the  cyclic  ether  of  an  anknown,  unsalursted  glycol.  It  is  not  proliaMe 
that  this  glycol  could  exist :  it  would  be  more  probable  that  it  woald  rearrange  Itself 
lo  saccin^aldehyde,  and  this  in  turn  to  y-bulyrolaclone  (see  this) : 


CH, ,  CH,OH        CH,   CH- 
1                           L             >0 
CH,.CH,OH         M,.CH, 

CH^CHOH        CH  =  CH 
CH  =CIIOH        CH  =  CH"' 

Tetnm'elhvlcns         Tetramelhvlene 
Glycol                        Oxide 

celpropyl    alcohol,    furthermore. 

has     yielded    I  metliyldihydrofiirfura 
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distilled  break  down  into  olefines  and  iodine.     The  ethylene  dihaloids 
have  a  very  pleasant  odor. 

Transformations. — (i)  The  dihalogen  paraffins  are  converted  into 

olefines  by  sodium : 


CILCI  CHCl,  CH, 

and    I  ???? ^     II       ■ 

f\  CH,  CH, 


CIIj( 


The  production  of  trittiethylene  from  trimethylene  bromide  and  sodium  or  zinc  is 

noteworthy: 

CH 
CH,<^[|»g[  -f  2Na  =  CH,<  I     '  +  2NaBr. 

(2)  Nascent  hydrogen  converts  both  di  and  mono-halogen  paraffins 
into  paraffins.  This  is  the  reverse  of  substitution — retrogressive  substi- 
tution  (p.  1 01). 

(3)  When  digested  with  alcoholic  potash,  a  halogen  hydride  splits 
off,  and  monohalogen  olefines  and  acetylenes  result  (p.  95). 

(4)  Suitable  reagents  change  dihalogen  paraffins  into  the  corre- 
sponding glycols  (p.  293)  or  their  esters. 

(5 )  Ammonia  produces  alkylen  diamines. 

(6)  Potassium  cyanide  converts  them  into  the  nitriles  of  monohalogen  acids,  and  the 
nitriles  of  dicarlx)xylic  acids.  These  are  classes  of  bodies  whose  connection  with  the 
glycols  is  indicated  by  the  dihalogen  paraffins  : 

CHj.OH 
CH,  CIIjBr        (  CHj.OH 

CH,  CHjBr        I  CHj.CN  CH,.COOH 

^  in, .  CN  ^  c!h,  .  COOH 

Ethylene  Ethylene 

Cyanide  Succinic  Acid. 

Ethylene  Haloids— ¥s\^y\^Vit.  Chloride,  £  lay/  Ch/oride,  Oil  of  the 
Dutch  chemists,  CH2CI  .  C:H,C1,  boiling  at  84°,  can  be  prepared  (A. 
94,  245 )  by  conducting  ethylene  into  a  gently  heated  mixture  of  2  parts 
ot  manganese  dioxide,  3  parts  of  salt,  4  parts  of  water  and  5  parts 
of  sulphuric  acid.  It  is  insoluble  in  water,  has  an  agreeable  odor, 
sweet  taste,  and  the  sp.  gr.  1.2808  (at  4°). 

Ethylene  Bromide,  CHjBr .  CH,Br,  melting  at  +  9**  and  boiling 
at  131°,  is  formed  when  ethylene  is  introduced  into  bromine,  contained 
in  a  wide  condenser  bent  at  right  angles,  and  covered  with  a  layer  of 
water  (A.  i68,  64).  It  is  also  produced  when  ethyl  bromide,  bro- 
mine and  iron  wire  are  heated  to  100°  (B.  24,  4249). 

Ethylene  Iodide,  CH,I .  CHjI,  melting  at  81°,  is  formed  on  con- 
ducting ethylene  into  a  paste  of  iodine  and  ethyl  alcohol  (J.  1864, 

345). 
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History  nf  t/ii  Alkylm  Halouh. — The  four  Dultli  chemists,  Deiman,  Pii«i  van 
Tfoostwyk.  bondi  auA  Lnuwerenbutgh,  while  sludyiiig  (be  aclion  of  chlorine  upon 
elliylene,  lirsl  obtained  ethylene  chlutide  in  1795  as,  an  Dil-forming  reaction  product, 
Hence  Ihey  called  elbylene  "ga^  huileui,"  oily  g-ts,  a  name  wbich  Fourcroy  altered 
to  "gas  olefiant,"  " ail-farmiHg gas"  (sec  Roscoc  and  Schorlemmer,  Org.  Cb.,  1, 
647),  Tbii  phrase  subsequently  gave  [he  name  "  alrjinei"  to  (he  series.  Bolard, 
the  discoverer  uf  bromine,  obtained  ethylene  bromide  in  1S16  on  allowing  bromine  10 
act  upon  ethylene  (A.  chim.  phys.  [i]  y»,  375).  Faraday,  in  l8il,  prepared  ethylene 
iodide  by  acting  on  ethylene  with  iodine  in  sunlight. 

Propylene  Haloids.— l.l/Jrta/^i-w  frofanti.  CH,.CHX.  CH,X,  and  Tii- 
metliyleae  Haloids,  i,3-JJ(i«A'^rt( /rn/«H«,  CH,X.CH,CH,X.  The  propylene 
haloids  are  produced  by  the  addition  of  the  halogens  I0  propylene,  and  of  halogen 
hydrides  to  allyl  haloids  at  100°.  Trimethytene  bromide  resultB  from  allyl  bromide 
and  hydrogen  bromide  at  — 20°.  HgCl,  and  KI  convert  the  bromide  intoibe  chloride 
and  irimethylene  iodide. 

Propylene  chloride, b,  p.,  97°;   Trimethylene  chloride,  b,  p.,  119'. 
"  bromide,     '•141°;  "  bromide,       '■      165". 

*■  iodide  decomposes;  "  iodide  decomixjses. 

Higher  Hotnolagoiis  Polytn ethylene  Bromidea  (J.  pr.  Ch.  [2]  39,  542 ; 
B-  '7, K,  73SV 


Tilrametkylini  Bromidt,  i.4-DibrombutBne,CH,Gr[CH,]CK,Br,  boils  at  189°. 
Ptnlamithylene  Bromide,  l.s-Dibrompentane,CH,BrrCllJ,CH,Br,  boils  at  205°. 
HexamethyliHe  Bromidi,  I.e-Dibroroheifloe,  CH,IirfCH,y,CH,Br.  boils  at  24 1». 


I 


Sodium  converts  these  compounds  into  cycloparaflins,  just  as  sodiui 
methylene  bromide  yield  trimethylene.  Sodium  mnlonic  esters,  sodium  aceioaceiic; 
(slcis,  and  polymethylene  bromides  produce  cycloparaffin  carboiylic  esters  (we  these). 
Mixed,  neutral  haloid  esters  of  the  glycols,  containing  two  different  halogen  atoms, 
are  also  known. 

Ethylene  Nitrate,  C,H,(0 .  NO,),,  is  produced  on  heating  ethylene  iodide  with 
silver  nitrate  in  alcoholic  solution,  or  by  dissolving  glycol  in  a  mixtur 
trated  sulphuric  and  nitric  acids: 

C,H.(OH),  +  iNO, ,  OH  =  C,H,(0 .  NO,\  -(-  aH,0. 

This  rtattisH  is  chariKltrittic  of  oil  hydrexyl  compimnds  (Ike  />B/ykydri(  ahohels 
and polyAydrii  aiidi) ;  tht  hydrogtn  of  hydroxyl  U  rtplaced  by  Iki  NO,grimp. 

The  nitrate  is  a  yellowish  liquid,  insoluble  in  water,  and  has  a  speciric  gravity  of 
1.483  at  8°.  It  explodes  when  healed  (like  the  so-called  nltroglycerol).  The 
alkalies  saponily  the  esLeis  with  formation  of  nitric  acid  and  glycol 

Glycol  or  Ethylene  hydroxy  sulphuric  Acid,C,H,<Q  ^^^  Qjpisproduced 
on  heating  glycol  with  sulphuric  acid.  It  is  perfectly  similar  to  ethyl  sulphuric  acid 
(p.  145),  and  decomposes,  when  boiled  with  water  or  alkalies,  into  glycol  and  sul' 
phuric  acid. 

B.  Estersof  Carbonic  Acids. 

In  studying  the  fatty  acids  we  learned  the  method  of  forming  esters  with  mono* 
byilric  alcohols.  The  same  methods  serve  for  the  production  of  esters  of  the  fatty 
■cids  with  dihydric  alcohols  or  glycols. 

(1)  From  the  haloid  esters  ofihe  glycols:  haiohydrins  and  atkylen  haloids  with 
fatty, acid  salts : 


CH,.OH  „     „  CH,.OH 

(:)  From  glycols  by  means  of  free  acids,  acid  cliloridi 


304  ORGANIC   CHeMISTRV. 

(]]  There  klso  letnuns  that  eit«f  foneation  resulting  froin  ibe  ■ddition  of  m 
and  acid  anhydrides  lo  alkylen  oiides,  ju»l  as  acid  anhydrides  odd  tfaenuelreij 
aldehydes: 

CH,  cn,.o.cocH, 

CHi.CHO  +  (C,lI,0),0  =  CH,.CH  (OCOCH,),, 
Olycol  UoiwaceUte.  C,H«<^^'^^'^,  boils  at    182°.  and  15   mUcibIc  1 

If  hydrochloric  acid  gas  be  condaclcd  into  the  wanned  Mlntton,  glycol  c 
•ceiin.  C,H,< J?|-  ^j^.O.  at  ehlorinated  acetic  ethyl  esler,  CH.Q .  CH, .  O  -  C;«i( 
h  produced,     ITiis  boils  nt  144°. 

Olycol  Diacelate,  C,H,iO .  C,H,0]„  is  a  liquid  of  specific  graTi'iy  1. 128  U  o 
and  boiling  at  186°.     It  is  soluble  in  7  parts  of  water. 

a-Profytmi   Glycol  Diacftate.  CH, .  C-H.IO.  COCH,),.  boils   ■ 
metkyleni  Glycol  Diatttate,  (CH,),( OCOCH,),.  Iioila  at  aiO°. 

The  formation  of  the  acid  esters  is  well  suited  for  the  detection  and  determiiu 
of  the  number  of  hydroiyl  groups  in  the  polybydric  alcohols,  the  sugats  and 
phenoli.  Benioic  ester  particolarly  is  especially  easy  to  prepare.  It  is  only  n< 
snry  to  shake  up  the  subilance  with  beniayl  chloride  and  sodium  hydrate  in 
benmyliac  all  ihe  bydroxyh  (B.  ai,  1744 ;  aa.  R.  668,  817}.  The  fonnalio 
nitric  acid  tsltr  is  also  well  adapted  for  the  purpose.  See  glycol  dinilrale.  p.  303, 
and  also  the  carbamic  tiler  resulting  from  th«  action  of  the  isocyanic  «ter  (see  ltd*), 
and  especially  of  the  phenyl  isocyanic  ester  (see  llii.s). 

For  carbonic  esters  of  unsaturated  glycols,  see  p.  297. 


3.  THIOCOMPOUNDS  OP  ETHYLENE  GLYCOL. 
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A.  Mercaptana. 

The  mercaplans  corresponding  lo  ethylene  glycol  are  formed  a 
chlorhydtio  and  ethylene  bromide  with  potassium  sulphydrate. 

TheMonotfaioethylene  Olycol, C,H,<QU,  yields  isethionic  acid  (p.  306)  «b( 
treated  with  nitric  acid. 

Dilhioglycol  Ethylene  Thiohydrate,  C,H,<j.jj,  glycol  loercaplan 
of  this  compound  is  something  like  that  of  mercaptan.     It  boils  al  146°  1 
grat-ity  is  1. 12.     Insoluble  in  water,  it  dissolves  in  alcohol  and  ether. 
reactions  of  a  mercaplan  (B.  3o,  461). 

B.  Sulphides. 
(<i)  Alkyl  ethers  of  the  Ethylene  Mercaplans:   OrrfAyl-tliylmf  Si4lfi*nfr,  CH.  M 

CHj.S.  CH,.CH,OH,  boils  at  184".     Etiylenc  Dimethyl  Siilpkidt,  CH,S  .  CHL  J 
CH,SCH,.  boils  at  183°,     Etkyltne  Diilkvl  Sulphide  boils  at  188",  ■ 

(i)    Vtuylatkyl  Elkers  of  Ethylene  JifercaflaM  or  Sulphw  aiei :   Vitiyl-et 
ethylene  mercaptan,  CH,;  CH.S.CH,.  CH,.  S.C,H(,  boils  at  m".     PoTj 
forniaiion.  see  the  sulfhine  c«mpeunds,  which  are  treated  Inter  on.  1 

[()  Thiodiglycol,   HO .  CH, .  CH,SCH,CH,OH,  corresjionding  lo  diglycat.fl 
also  known  (B.  ig,  3259).     HoweTrt,  the  simple  ethylene  sulphide,  correapondtng  M 
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[  elliylciit  ojide,  is  nal  known,  while  Dulhykui  Oxide  Sulpkoa',  0<rH'~CM'>  ^i' 
ooriespgnding  to  dietliylene  otfsulphide,  and  melting  bI  130°,  as  well  as  Dieihylenc 
OJBulpbide,  arc  linann. 

(d)  CyeOf  Sulfhidii  •  Diethylene  Disulphide,  S<^[]'3^"'>S.  mclling  al 
III"  and  Iwiling  al  vxP,  i^  formed  from  elbylene  nierca;)lan,  ethylene  bromide, 
■ad  sodium  cthylale.  When  elhylene  bromide  is  digested  wilb  alcoholic  «)dium 
sulphide,  a  ^lymnic  ethylene  sulphide.  (CjH,S)  .  melting  m  145°,  is  produced  at 
lint.  This  is  a  while,  atoorphous  powder,  insoluble  in  the  ordinary  solvents.  Pro- 
tracted boiling  with  phenol  changes  it  lo  dielhyteae  disulphide  {A.  340,  305  ;  B.  ig, 
3163;  so.  2967I. 

(<■)  ElkyUne  Miriaptah  and  Ethylrne  Mer<aplols  are  similarly  produced  from 
etliylene  mercaplan  by  the  action  of  aldehydes,  ketones,  and  HCi,  just  as  the  mcr- 
captals  (p.  2iS)  and  the  mercaptols  (p.  204)  are  obtained  from  mercaptans  (O.  si, 

'™'  CH.S 

Ethylene-dithioethidene.    1     '  >CH  .  CH„  boils  a(  173°. 

C,  Diethylene  Tel ra sulphide,  C,H,<^>C,H,,  is  produced  by  the  action  of 
ihe  halogens  upon  ethylene  Ihiohydtate  (or  sulpburyl  chloride  or  hydro^yiamiQe. 
It  is  a  while,  amorphous  powder,  melting  at  150°  (B,  11,  1470). 

disulphide  unite  lo  sulphiniodide,  (C,n,S),C,HjI. 

Etbyl  Sulphurane,  J-l,'  c  c'u''  '*  produced  on  dislilliug  this  iodide  with 
todium  hydroxide.     The  closed  ring  of  diethylene  disulphide  is  broken. 

The  union  of  the  dcrivalivcs  of  diethylene  disulphide  with  the  higher  alkyl  Iodides 
7ields  homologous  compounds  known  ns  sulphuianea.  They  are  tlie  alkyl  vinyl 
elliers  of  ihioelhylene  (U,  ao,  2967  1  A.  140,  305). 

£.  Sulphones. 

The  diiulphones  are  produced  when  Ihe  open  and  the  cyclic  disuljihides  are 
inidized  by  potassium  permanganate.  All  sulpbone^,  in  which  ^ulphone  groups  are 
■llacbed  to  tuie  adjaitnl  catbon  atoms,  can  be  saponilied  (Stulfer*.<>  law.  II,  i6,  lllj). 
CH,.SO,,(.',H. 

(a)  Open  Sulpkanes :  Elhylene-dicthylBulphone,  1  .  ,   has   been 

olUained  (I)  from  elhylene  dtlhioelhyl;  (:)  from  elhylene  bromide  liy  the  action  of 
2  molecules  of  sodium  ethyl  sulphinatc,  and  (3]  from  sodium  ethylene  disulphbatc 
by  the  action  of  2  molecules  of  ethyl  bromide.  The  seiivalence  of  sulphur  in  the 
■ulphones  is  (bus  proved  (B.  ai,  R.  10?).  It  yields  eoIorte»s  needles,  melting  at 
I37°- 

CH, .  SO. 
(*)  QfAV  5(ii'/'^o«rt  .■  Trimethylene  Disulphone,  L  >CH„    melts    al 

atM-KJS". 

Diethylene  Disulphone,  C,H.<"gy'>C,H,  {B.  aG,  1124;  27,  3043).  results 
from  the  oxidation  of  diethylene  disulphide. 

F.  Sulphone'Sulphinic  Acids  and  Disulphinic  Acids, 

OxetliyliulfboHf  metiyltHiiHlplimk  Aiid,  HO ,  Cll,  ,  CH, .  SO, .  CH,  .  SO  .  OH, 
is  a  syrup'like  muss.  Its  barium  salt  is  formed  when  Irimcthytene  disulphone  is  de- 
composed by  baryta  water.  When  the  solution  is  evaponilcd  below  40°,  a  cyclic  esler 
results,  which  recalls  the  Uctonea,  the  cyclic  esters  of  the  nitycBrboxylic  acids  1 

CHi.O.SO, 
OxilhyUulphnmelAyhne  Sulphinii  Lactam,  I      '  >CH„  melu  at   164'*  {B, 

3f>  t  I 
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CH, .  SO .  OH 
27,  3043).    Ethylene  Disulphtmc  Andy  1  ,  is  formed  by  the  reduction  of 

CH, .  SO .  OH 

ethylene  disulphonic  acid  (p.  307). 

G.  Sulphonic  Acids. 

ClI     OH 
Isethionic   Acid,  J,   '   c^  u»    Ethylene   Hydrinsulphonic    Acid, 

Oxyethylsulphonic  Acid,  is  isomeric  with  ethyl  sulphuric  acid,  SO*!!- 
(C2H5),  and  is  produced  (i)  by  oxidizing  monothioethylene  glycol 
with  HNO3 ;  (2)  by  the  action  of  nitrous  acid  upon  taurine  or  amido- 
isethionic  acid  (compare  formation  of  glycoUic  acid  from  glycocoU, 

p.  000) : 

^"*<SO^H  +  NO,H  =C,H,<^^H  +  N,  +  H,0; 

(3)  by  healing  ethylene  chlorhydrin  with  potassium  sulphite ;  (4)  by 
boiling  othionic  acid  (p.  307)  with  water;  (5)  from  ethylene  oxide 

and  i)otassium  bisulphite. 

Isethionic  acid  is  a  thick  liquid,  which  solidifies  when  allowed  to  stand  over  sul- 
phuric acid.     Its  salts  are  very  stable  and  crystallize  well. 

The  barium  salt  is  anhydrous.     The  ammonium  salt  forms  plates,  which  fuse  at 

I  55°,  and  at  210-220°  it  changes  to  the  ammonium  salt  of  di-isethionic  acid,  0(CH,.  - 

ClljSO.,NII^)2   (B.    14,  65).       Ethyl  isethionate   boils  at    I20°    (see  B.  15,    947). 

Cliromic  acid  oxidizes  the  isethionic  acid  to  sulpho-acetic  acid. 

CI 
1*(  'I5  converts  the  acid  or  its  salts  into  the  chloride^  CjH^<^q     r-vt  a  liquid,  boiling 

at  200°.  When  it  is  boiled  with  water  it  is  convened  into  chlorethyl  sulphonic  acid, 
(.^^('l.CIIj.SOgH  (A.  223,  212). 

Taurine,    Amidoisclhionic    Acid,     Amidocthyl    Sulphonic     Acid, 

(JH    so  H  ^'' CH    c()     C^^^cov^r^^  t)y  Gmelin  in  1824;   its  sulphur 

2  9'  «  9 

content,  which  had  previously  been  overlooked,  was  detected  in  1846 
by  Redienbacher).  It  is  considered  in  this  connection  because  of  its 
intimate  relationship  to  isethionic  and  chlorethylene  sulphonic  acids. 
It  occurs  as  laurocholic  acid,  in  combination  with  cholic  acid,  in  the 
bile  of  oxen  (hence  the  name — rahpo<;,  ox)  and  many  other  animals, 
and  als(^  in  the  different  animal  secretions. 

It  is  formed  when  taurocholic  acid  is  decomposed  with  hydro- 
chloric acid : 

CH,.NII(C,,H3A)    HCl     .      CH,.NH,  ^  ,^  ^ 

CHjSOjH  H,o~~^   CH,.SO,H    "^  ^*    **»   * 

Taurocholic  Acid  Taurine  Cholic  Acid. 

It  can  be  artificially  prepared  by  heating  chlorelhyl  sulphonic  itcid, 
CHjCl .  CHj .  SOsH,  with  aqueous  ammonia  (Kolbe,   1862,  A.  122, 

This  synthesis  presupposes  that  of  ethylene  or  ethyl  alcohol  (p.  1 19).  Both  bodies 
combine  with  SO,  to  carbyl  sulphate^  a  derivative  of  isethionic  acid.  The  following 
diagram  shows  the  course  of  the  synthesis : 
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CH, .  0  .  SO,H     H,0  ^  CH, .  OH 

*'tH,so,H         Ho'  ^  trr,,so,n   , 

Ethionic  Acid  Iselbionii:  Acid    I 


CH,.a 

tH,SO,Cl  ' 
ChloTMhyl  sul- 
phoiik  Chloride 


CHj.NH, 
tlI,.SO,lI 

Taurine. 


I 


I 


Taunlle  also  results  when  vinylamim  is  evaporated  together  wilb  sulphurous  acid.  1 

Taurine  crystallizes  in  large,  monocliiiic  prisms,  insoluble  in  alcohol,  I 

but  readily  dissolved  by  hoi  water.     Il  melis  and  decomposes  about  I 
240°.     Taurine  contains  the  groups  NH,and  SO,H,  and  is,  therefore, 

both  a  base  and  a  sulphonic  acid.     But  as  the  two  groups  neutralize  I 

each  other,  the  cumpound  has  a  neutral  reaction.     It  may,  therefore,  [ 

be  considered  as  a  cyclii:  amnwmum  salt;    this  is  indicated  in  the  | 
second  constitutional  formula.     It  can  form  salts  with  the  alkalie 
It  separates  unaltered  from  Its  solution  in  acids  (see  Glycocoll). 

Nitrous  acid  converts  it  into  isethionic  acid  (p.  jo6).     Boiling  I 

alkalies  and  acids  do  not  affect  it,  but  when  fused  with  caustic  potash  j 
it  breaks  up  according  to  the  equation  : 

*^'"'<So'k  +  '^^'^^  =  C,HiKO,  -)-  SO,K,  -f  NH,  +  H,. 

Taurine  ininidLctil  into  the  animal  economy  reappears  in  the  urine 
rartnmic  Aiid,  NH,CONH  .  CH,.  CH,  .  SO.H. 

By  introducing  methyl  into  taurine  we  amain  tauro-belalne,  annlogous  to  Ixtalne 


[p.  310)!  (CH,), 

Eikimit  Add.  C^H,< 
lo  he  both  a  snlphoi 


The  constitution  of  this  acid  would  indical 
It  is  therefore  dibasic,  1 
lie  acids.     It  results  when   j 


*>SO,, 

,O.SO,H 
=-SO,H 
ic  add  and  primary  sutphui 
on  Iwiling  with  wster  readily  yields  sutphuHc  a 
carbyl  sulphate  takes  up  water. 

Carbyt  Sulpkntf,  C,HjS,0,  (A.  133,  2Io).  is  formed  when  the  vapors  of  SO,  are 
passed  through  anhydrous  atcohoi.  It  is  also  produced  in  the  direct  union  of  ethy- 
lene with  two  molecules  of  SO,. 

CH, .  SO,H 

Ethyliiif  Disulfihome  Aitd,    1  ■  is  easily  soluble  in  water,  melts,  when 

CH,.SO,Tl  ' 

anhydrous,  at  94°,  and  is  formeil  in  the  oiidation  of  glycol  mercaplan  and  ethylene 

sulphocyanide  with  concenlraled  nitric  acid;  hy  the  action  of  fuming  sulphuric  .icid 

Tin  alcohol  or  ether,  and  by  boiling  ethylene  bromide  with  a  concentrated  solution  1 
potassium  sulphite  (compare  ethylene  disulphinic  acid,  p.  306]. 


«.  NITROGEN  DERIVAT1VB3  OP  THB  QLYCOLS. 
A.  Nitrosa-com pounds. 

The  addition  products  from  the  olefiiies  and  aitrosyl  chloride  belong  Iti  this  group  J 
(compare  the  lerpenesj. 


3o8  ORGANIC  CHEMISTRY. 

TetramethylethyUnenUrosykhloridey  (CH,),C(NO)  .  Ca(CH,),,  melting  at  I2I«. 
has  a  blue  color,  and  a  somewhat  penetrating  camphor-like  odor.  The  hydrocarbon 
in  hydrochloric -alcoholic  solution  is  mixed,  while  cooling,  with  sodiom  nitrite  (B.  27, 

455;  K-  4(>7). 

]{.  Nitro-compounds. 

( )nly  one  nitro- derivative  of  glycol— the  primary  body — is  known. 

Xitro-fthyl  Alcohol,  glycolnitrohydrin,  CH,(NO,] .  CH, .  OH,  results  from  the 
interaction  of  glycoliodhydrin  and  silver  nitrite.  It  is  a  heavy  oil.  A/tiro-isopropyl 
Alcohol,  CH, .  CH(()H)CH,N(),,  boiling  at  112®  (30  mm.),  sp.  gr.  1. 191  (18®).  is 
a  colorless  ii(}uid.  It  is  formed  in  the  condensation  of  equimolecular  quantities  of 
acetaldehyde  and  nitromethane  by  means  of  alkali  (B.  28,  R.  606). 

I .  yDinitropropam,  N(),CH, .  CH, .  CH.NO,,  is  the  only  known  secondary  nitro- 
l)0(ly.  It  is  obtained  from  trimethylene  iodide.  All  other  dinitro-paraffins  contain  the 
two  nitro-groups  joined  to  the  same  carbon  atom.  They  are  denvatives  of  the  alde- 
hydes or  ketones  (p.  1 58). 

C.  Amines  and  Ammonium  Compounds  of  the  Glycols. 

ThtTc  are  two  series  of  amines,  derived  from  the  glycols,  and  corre- 
si)()n(ling  to  the  two  series  of  glycollates,  esters,  mercaptans,  etc.  : 

IK) .  (11, .  CH, .  on,        HO  .  CH, .  CH,  .  NH„        and        NH,CH, .  CH, .  NH, 
Gl> cu]  Oxyethylamine  Ethylene  Diamine. 

Therefore  the  amines  of  the  glycols  break  down  into  two  classes: 
( I )  The  oxyalkylamines  and  their  derivatives ;  (2)  thealkylen  diamines 
and  their  tlerivatives. 

{a)  OxalkyI  Bases,  or  Hydramines  and  their  derivatives. — Methods  of  forma- 
tion: (i)  Action  of  ammonia  upon  the  halohydrins ;  (2)  by  the  union  of  ammonia 
aiul  alUylen  oxides.     In  these  two  reactions  the  products  are  primary,  secondary  and 

tertiary  oxyalkyl  bases,  f.g.  : 


CI  I,     _        ^^,^         CII^.OH 
(11,  •'        CH^-NHj 


2  I 
CII., 


()    •    Nil.,        I,  Oxyethylaraine  or  Amidocthyl  alcohol  (p.  124) 

O    I    MI3       ^:||''[^|^j-^|^2->NH  Dioxyethylamineorlmidoethyl  Alcohol 

cn,  (:imoh).ch' 

-^  I     '    .0   t    NIIj  ^^  CH2(OH) .  CH,-XN  Trioxyethylamine  or  Azoethyl  Alcohol. 
'  <TI,  CII^lOllj.CIIj/ 

(3)  By  the  action  of  sulphuric  acid  upon  allylamine  with  addition 
of  water  (H.  16,  532),  or  by  eva])oration  with  nitric  acid,  when 
vinylamine,  for  example,  yields  oxethylamine. 

( .\)  By  tlie  application  of  the  phthalimide  reaction  (p.  162).  Alkylen 
haloids  are  allowed  to  act  upon  potassium  phthalimide,  the  reaction- 
product  being  heated  with  sulphuric  acid  to  200-230°: 

r  Ti  f  ^V  vk'     vr  ^^  1^^-^  vptt  th  n.     br  n  /^^OOH  ,  NH,CH,CH,OH 
^1*4  (()>^^~'^CgH4^.Q>-^CII,.CHjBi     ^^6"4JcOOH"*"HBr. 

The  dialkylic  oxyethylaminc  bases  are  also  called  alkamines ;  their 
carboxylic  esters,  the  alkewes  (see  tropein)  (B.  15,  ii43)« 


NITROGEN    DERIVATIVES   OF  THE   GLYCOLS.  309 

I  The  oxyelbylamiue  bases  arc  sepatiled  by  fracliooal  crTSlallizalion  or  iheir  HCl- 
Bis,  or  ptaCJDum  double  salts.     They  ace  thick,  suongiy  alkaline  liqaids,  which  de- 
'campase  upon  distillBtion. 

Oxy-ethylamlne,  CH.OH  .  CH, .  Nl!„  Amida.fthyl  Alcohol  [l-AmiuMhaH^. 
u  produced  by  the  usual  methods. 

Oiy-etbylmethylamine.  CH,OH  .  CH, .  Nil .  CH,,  results  from  ethylene  chlor- 
hydrin  Dtid  methylaniini:  nhen  they  are  exposed  to  a  teiDperatuie  of  IIO".  It  is  a 
liquid,  boiling  al  130-140°. 

Ozy-ethyldirQeihylBmine,  CH,OH  .  CH, .  NICII,),.  taos  been  obtained  from 
clbylene  chlorhydrin  and  NH(CH,),  (B.  14,  2408) ;  also  by  the  breaking-down  of 
methyl  morphimethine  (B.  37,  1144).  Fur  homologues  and  atkamines  of  cyclic 
trccondary  bases,  see  B,  14,  1S76,  1406;   15,  II43;  a8,  3111 1  9g,  1420. 

The  l)ases  obtained  from  the  tertiary  aniines  are  especially  interesting.  Choline 
is  one  of  ihem.     It  is  qaite  important  physiologically. 

Choline,  Oxyethyttrimtthyl  Ammonium  Hydroxide,  Bilineurine, 
Sincalin,  *^^i'-^N(CH  1  OH  ^^  '^  quite  widely  distributed  in  the 
animal  organism,  especially  in  the  brain,  and  in  the  yolk  of  egg,  in 
which  it  is  present  as  le<ithin,  a  compound  of  choline  with  glycero- 
phosphoric  acid  and  fatty  acids.  It  is  present  in  hops,  hence  occurs 
in  beer.  It  is  oblaiiied,  too,  from  sinapin  (the  alkaloid  of  Sinapis 
(j/(((i),  when  it  is  boiled  with  alkalies  (hence  the  name  j/»Wij//«).  It 
occurs,  together  with  muscarine,  (HO),CHCH,N(CH,),OH{?)  (B.  27, 
166),  in  flyagaric. 

Hiilory.—K.  Sirecker  dijeovcrcd  this  base  (1861)  in  the  bile  of  *«ine  and  oxen. 
He  gave  it  the  name  choline,  from  ^Ali,  bile.  Liebrcich  oblaiaed  it  from  protagon, 
a  constituent  of  the  nerve  substance,  and  at  first  named  it  nturine,  frorn  vrupov,  nerve  ; 
(his  he  later  changed  to  iiliituiine,  to  distinguish  it  from  the  corresponding  vinyl 
base,  which  continued  to  bear  the  name  tieuriue.     The  constitution  of  choline  was 

I  plained  by  Bneyer,  and  Wilrlz  showed  bow  it  might  be  synthetically  prepared  by 
t  action  of  t  rime  thy  taminc  upon  a  concentrated  aqueous  solution  of  ethylene  oxide : 
to 
r-i 


{CH,),N  +  C,H,0  -f  H,0  =  (CH,),N<CH,.  CH, . 


I  Its  hydrochloride   is  produced    from    ethylene    chlorhydrin   and 

HinethytamiDe. 

Choline  deliquesces  in  the  air,  ll  possesses  a  strong  alkaline 
reaction  and  absorbs  CO,.  lis  platinum  double  salt,  CCiH,.ONCl), .  - 
PtCl,,  crystallizes  in  beautiful  reddish-yellow  jilates,  insoluble  in 
alcohol.     See  B.  27,  R.  73S,  for  choline  derivatives. 

Isoeholine.  CH,.  CH(OH).  N(CH,),.OH.  is  obtained  from  aldebyd< 
(B.  16.  207).    Homocholine,  HO.  CH,.  CH, ,  CH,N(CHj},OH  (B.  11. 3331). 
Neurine,  vinyl  Irimitkyl-ainmimiHm  hydroxidt. 


{CH,),N<^'j.5 '  ^"'  =  f^s^'ii^O. 


frum  llie  brain  aulniance.  tt  ocean  with  Ibe  ficmalim — allialoida  of  decxy,  \ 
poiiuioui  ind  ptttiy  non-toxic.  It  may  be  dcri*«l  from  the  bromide  nnTcs|« 
li>  cliollnc  (iiluainnl  by  ircaliug  ethylene  liramiUc  wilb  irimclhflMiiifie),  anil  (hie  i 
(rcsulling  fram  Ibe  nclioa  of  HI  upoQ  cbolinej  when  they  are  subjeclnl  lu  the  ai 
of  tnoist  liltcr  oxide : 


CH,.OH 
<!:H,N(CH,),0H  " 


CH,I 
''ili.NtCHJ.l 


Betaine,  OxyneHrine,  Lytint,    Trimtthyl  glyeoceli,   I    s 

allied  tn  rholine.     lE  is  obtained  by  the  careful  oxidation  of  c*    ' 
(.Licbreich,  B.  a.  13); 

CH,OH 
CH,N(i:iI,),OII 


coon 
CH,N(CH,),aH 


lis  hydruchluride  is  obtained  direclly  by  synthesis,  when  trimetl) 
inline  is  heated  with  monochloracetic  acid  (R.  3,  167  ;  3,  161)  : 


CHj.CO.OH 


COOH,  ' 


(CII,),N  +  CH,C1 ,  CO .  OH  =  (CH,),N<| 


and  on  heating amidoacetic  add  (glycocoll),  NH, 
methyl  iodide,  caustic  polash  and  wood  spirit. 

Bctaine  occurs  already  formed  in  the  sugar-beet  (Scheibler,  B.  3. 
'9'  !  3«  '55)'  ^''^  vulgaris,  hence  is  present  in  the  molasses  from  ihi 
beet,  and  makes  the  latter  valuable  for  the  obtamment  of  trinictht 
amine.     It  is  also  found  in  the  leaves  and  stalks  of  Lyaun  iariarum, 
in  cottonseed,  and  in  malt  and  wheat  sprouts  (B.  36,  3151).    Ii  crysi 
lizes  with  one  molecule  of  water  in  deliquescent  crystals,  in  which  " 
is  present  the  acid  HO.  N(CH,),.CH,.  CO,H.     At  too"  this  ami 
nium  hydroxide  loses  one  molecule  of  water,  and  the  cyclic 

COO 
mum  salt,  is.  ,  is  produced. 


f,N(CHj), 


Diethyl eneimide  Oxide,  Morfhalint,  0<^ 
dioiyethylamiae  is  healed  la  t6o°  with  hydrochloric  acid.  >nd  upon  diitillatioti  1 


■th>l 

i 


itb 


ic  polash,  See  B.  aa,  1081,  for  hoioologous  iDorphaliDes.  It  a  assumed  tbat 
Ibe  catDC  atomic  grouping  exiils  in  niar|)hine  as  in  morpholine,  hence  the  iiame. 

ZJm«/Dn?^/*flmin(,(CH,i,C(NJl,)CH,.CH.OH.CH„  boiling  at  174-175'.  1' 
formed  in  the  teductioo  of  diaittmntmine  (p.  119)  (A.  183,  290). 

(A)  Halogen  Alkylamines,  or  Haloid  Eaters  of  the  Oxyalkylamines.^ti. 
the  free  stale  these  bodies  are  soluble  in  water  and  not  very  stable,  lliej  eo&ily  chaOE^ 
to  salts  of  the  cyclic  imides,  r.  ^..chloramylamine,  C1CII,(CH,),NH,.  l>ecoine  jienu- 

melhyleoeiniide-  or  piperidine  chlorhydrale,  CH, .  (CH,)jNn.  IIO.  Mrtkfdi  >/ 
Forvintiim;  (l)  The  ndililioa  of  a  halogen  hydride  to  unsaluraled  amines,  like  riiij)- 
orallylainiiie,  p.  169  (B.  91,  1055;  34,  1627,  jl»>). 

(2)   By  the  action  of  balogeii  hydrides  upon  on  yalkyl amines,  see  nnirint,  p.  3091 
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ftH.I  !^!rn>N-  CH,CH,Br -^  C.H,/  J''!x°'JJ  +  BrCH,.  CH-NH^HBr. 

I  i,'!*-"  iH,o  I  l-'y'-'-'i" 


tameib  yl-phihslimide 


■>  Phi  bull 


f 

^^K    (4)  Or  the  nitrileiof  the  halogen  substiluled  acids  are  trnnsposnl  with  <o^i 
^^KbeDOxide,  reduced,  and  iben  healed  with  an  haloid  acid  (B.  34,  3231 ;   15,  415) 

W     CI, 


tlCH,.CH,CM,CN  +  N»OC,lls  =  C,H,O.C>I,,  CH,.  CH,CN  +  NaCl 
4H  3HCI 

,H50CH,[CH],CN  — J-t%HiOCH,[CH,],CH,NH,^-ClCH,[CH,],NH,,Ha. 


:H,NH,  ;  y  Brampn^ylamine,  Br  ,- 
CH,.CH,.CH,NH,!   ^  Bremii-tykmiHf,  CH,CH,CHBrCH,NH,i   y-CA/ertutyl- 
fli«fM,CH,.CHCI.CH,.CH,NlI,(B.  as,  3iii)id-C*/or*«/y''"''«'.OCH,rCH,l,. 
Ntl,;  t-CAIoramylamint.  C1CH,(CH,),NH,;   ^-Mtlhyl-e-chhr-n-amylamitu.  ClL- 
tr,    CH,C1[CH,],CH- 
■s  split  off  hydro Al one 


Ziloramylamiiit.  C 
(,ltv.H,j,CH(CH,)CH,NH,;   {i-TiPrapyl-i-ehUr-n-amylan 
((^H,)CH^NH,(B.  27.  3509:  iB,  1197).    The  four  last  bodies  s| 
■CM  uid  jrield  tetnmethylene  and  penlani ethylene  imides  (p.   314),  or  piperidini 
^•pipecoHne  and  O-projiylpiperidine. 

(f)  OEyethylamine  Derivaiives  Conlainini;  Sulphur,^/fiu/nd^ri!i'/  mtrcap' 
tan  fhkrhvd>-atc,  HCI .  NH,.  CH,.  CH,SH.  melts  at  70-71=.  ThioithylamiBi, 
(NH, .  CH,  .CH,),S,  boils  at  I31-233''.  Diaminoilkvl  dhulphidt  chhriydrale, 
(SH,.  CH,  CH,S),2HCI,  melts  at  asj".  Viaminotliyhu'lpAiint.  (NH,CH,CH,l,SO„ 
has  been  prepared  from  bromelhylphthalimide  u  the  atartingout  substance  (B.  13, 
1138;  84,1112,2131,3101). 

k Taurine,    Amidoiselhienie    Acid,    NH,.  CH,.  CH,.  SO.H,    has 
ready  been  discussed  under  iselbionic  acid  (p.  506). 


{d')  Alkylcn  DiamincB. 
hylroeen  atoms  in  two  am 
leiliarr  diamina.     These  i 


oeqi 


■The  di.,  like  the  mono-valent  alkyls,  can  replace  two 
□nia  molecules  and  produce  primary,  secondary,  and 
'  dl-acid  bases,  and  are  capable  of  forming  salts  by 
nis  of  acids.  Some  of  them  have  been  delected  with 
lids  of  decay  (B,  10,  K.  68)  and  are  therefore  worthy  of 
diamine  or  putrescine,  and  pentam ethylene  diamine  or 


=  C,H,<^|J'.2HBr 
Ethylene  o'lamine 

=  NH<^J|"'  ^jJ'>NH  .  aHBr  +  aNH.D 
Dielliyl'ue  Dilmine 

"■■    ^  "    r  +  4Nn.lSr. 


=  Ni^C,n'.^N.: 
^  C  H    / 

Trlcthylene  thiamine. 


I    To  liberate  the  diamines,  the  mixture  of  their  HBr-salis  is  di; 
d  Ibe  product  then  fractlanaled. 
[2)  Another  tery  convenient  method  for  the  prepEiration  of  diai 


illed  wiih  KOH 


CH,-  CN 

Bthylme 
Criaide 


CH,.CH,.NH, 

TRianelhylctK 


[i]  By  ihe  [cduclion  oF  ibe  oximes,  (t)  rednctioD  of  the  bydnuones  of  lb«  d 
ilchydes  and  dikelonu.  init  (J)  by  (be  reducliun  of  ihe  diDilmparafiiiis. 

In  «DDie  of  th«e  rcductioni  cyclic  imides  have  been  absened :  thus,  in 
tioo  of  cibylene  cyuiide  in  the  preseQce  of  iclratnetbylene  diamine,  icInmeihylM 
imide  U  rormed. 

(3)  From  diCHtboxylic  amidCi,  btomine  and  caustic  potash  (B.  37,  511)  (p,  1 

(4)  From  dicubotylic  aiidcs;  Me  boamethylene  diunine,  p.  313. 

(5)  From  alkylene  diphlbalimides  on  healing  wiih  HCI : 

TrlmelliyleM  Diphihiilniiile  TilneibylenedtaminF  Cblorhydmi. 

Pr.-periiei. — The  alkylen  diunines  are  liquids  or  low  melting  solids  of  peculi 
odor,  which  in  Ihe  case  o(  those  that  are  volatile  is  very  much  like  that  of  Bminoiij 
and  recalls  pipcridine.     They  fume  tligblly  in  the  ur,  and  otlract  carbonic  acid. 

Bikaviof. — Alcohol  and  acid  radicals  can  be  jntnidured  into  the  amido-graupi 
the  diamines  in  the  same  manner  as  in  the  amido- groupi  of  tht  roonaniiDes  T 
produclionoftbcdibenioyi  deriiaiives,  Af..  C,H,(NH  CO ,  C,Hj),,  upon  shaki 
with  ben loy I  chloride  and  caustic  soda,  is  well  adapted  for  the  detection  of  the  diami 
(B.  31,  2744)-  Nitrous  acid  converts  them  into  glycols,  at  (be  same  lime  niuattiraled 
alcohols  and  utiiaiurated  hydrocarbons  arise  (B.  37,  K.  (97} 

F"ur(her,  Ihe  diamines  unite  directly  with  water,  fonning  Tery  sUble  ammi, 
axidti,  which  only  give  up  water  again  when  (hey  are  dblilled  over  caou' 
[compare  pentamethylene  diamine): 

CH,NH,  CH,NH. 

in  NH   "*"     '         (Jh     jjjj  >0.  Ethylene  diamine  hydrale. 


"'!"      Ill 

'4k 


By  the  eiit  of  ammonia  ihey  pass  into  cyclic  ittiides. 

Ethylene  Diamine,  '^illt<[ijt{*<  melting  at  +S.s°.  boiling  at  116. 50, 

bines  with  water  (o  tthyUni  diamine  kydrale.  melting  at  -^■10'  and  boiling  a|  \ 
It  reacts  strongly  alkaline,  and  has  on  ammoniacal  odor. 

Nitrous  acid  converts  it  into  ethylene  oxide.   Elkytmt  Dinitraminr,  NllNHCIL  J 
CH.NHNO,  (B.  aa,  R.  195).  ^ 

Kihylene  diamine  and  a/3-propylene  diamine,  like  the  ortho-diamines  of  tbr  lienMi 
seriea,  combine  with  ortho-diketones,  i.  g.,  phenantbtaiiuinone  anil  beniil.  (o  fa 
pjmuine  derivatives,  similar  in  structure  lo  the  qui  no  tali  nes.  They  also  unite  w. 
the  benialdebydes  and  benzoketones  (B.  ao,  276-,  ai,  zjjSJ.  Consult  B.  xj,  l64 
for  the  action  of  CSC1,  u^n  ethylene  diamine. 

Diacetyl- ethylene  Diamine  consists  of  colorless  needles,  mettine  ■)  171', 
When  this  compound  is  healed  beyond  its  melting  point,  water  splits  oll^and  there 
followsnn  inner  condensation  that  leads  to  the  formation  of  a  cyclic  in'fAwit.irf.cUwlT 
allied  lo  (he  glyBxaUnrt.  It  is  elhyl-fthntyl  amidini  or  melkyt  g!yexali4~ 
under  the  name  LysiiHnt,  m.  p,  (65'  and  b.  p.  21^".  has  been  recocninmdMl  ■ 
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The  corresponding  propylene-  and  triraeth  jlen 


CH.-NH.CO.CH, 


iH.. 


I 


NH.CO-CH, 

ely1-diethy!cne 


CH, .  NR 

I  >C.CH, +  CH,.CO,H. 

CH, .  N:^ 

Elhylene-eihinyl 


Prop^lei 


CH,.CH.NH, 


,  boiling  at  119-110'  (B.  11,  2359),  bu 


',  vhicb  is  spRringly 


I 


t 


tiH,,NH,' 
been  split  Dp  by  meaos  of  d-lartaric  acid. 

1-Propylene  Diamine,  [ajg  = —19, 11°,  forms  a 

soluble  (B.  aS,  iiSo). 

Ttlmetbylene  Diamine,  CH,<^^'  ^^^',  boils  at  135-136°  (B.  17, 1799 ;  11, 
J670).  It  baa  been  prepared  by  general  meibods  t  and  3 ;  also  (2A)  by  reduction  of 
l.j-dinilro-propane  (p.  IJ9), 

Tetramcthylene  Diamine,  [i-n-Diaminabul^ne}.  Pulrtsciat.  C,H|(NH,1„ 
melting  al  27°,  is  obtained  from  elliylene  cyanide  by  general  method  la,  and  from 
succioaldebyde  dioiime  (p.  317)  (B.  aa,  1970).  It  a  identical  with  l\ie pu/reicine 
(B.  II,  1938),  which  bu  been  isolated  from  decaying  mstler, 

[1 .4-Diaminopeniane],  CH,CH(NH,) .  CH, .  CI!, .  CH, .  NH,,  boiling  at  1 72", 
it  formed  from  the  niliile  of  pyrotacemic  acid  according  to  method  of  formation  xa, 

«-iuidt-[i.S-Dianiinoheiflne].CHjCH(NH,)CH,.CH,CH(NH,)CH„  boiling 
al  175°,  are  formed  together  from  the  dipbenyl-bydraione  of  acelonyl  acetone 
(p.  324)  according  to  method  of  formaliDD  2t.  They  sustain  a  relation  to  each  other 
■imilar  to  tbal  shown  by  racemic  acid  and  mesotarlaric  acid  (B.  a8,  379I. 

ri.4-Diainino-a-Methyl  Pemane],  CH,CH(NH,)CH,.  CH(CHj)CH,NH„ 
boiling  at  175°.  is  obtained  from  a  methyl  leviuindialdoxime  (p,  29SJ  according  to 
methixl  of  formation  36  (B.  33,  1790}. 

Penlamethylene  DiamiDC,  CaJaverinr,  \_i.^-I>iaminopmIani'], 


a'.4!!::S;: 


NH,' 


I 


it  obtained  by  the  reduction  of  thmethylene  cyanide  by  method  of  formation  ia.  It 
boils  at  178-179°,  and  so1idi6es  in  the  cold  (B,  18,  2956^  ig,  7S0).  It  is  identical 
with  cadavfiinr  (p.  31 1),  a  ptomaine  isolated  from  decaying  corpses  (B.  ao,  a2i6,  and 
R.  69).     It  forms  an  hydrate  with  two  molecules  of  nater  (B.  17,  R.  5S0). 

Neuridine,  CjH[,N,  (B.  iB,  S6),  formed  by  the  decay  of  (isb  and  meal,  is 
isomeric  with  penlamethylcne  diamine. 

Mexamethylene  Diamine,  \^\ .6- Diaminokixanil,  NH,[CH,],NH,.  melting  at 
40°  and  boiling  al  192-195°,  is  formed  in  the  decomposilion  of  Hrxamethvlme 
dUlkyl  mtlhant.  [CH,],[NHCO,C,Hj]„  meliing  al  84°.  which  results  upon  bailing 
the  suberic  acid  azide  with  alcohol  |B.  ag.  1169). 

ri.8-Diamino-octane],  CH,NH,[CH,],CH,NH„  melting  at  51"  and  boiling  al 
238°,  is  obtained  from  the  amide  of  scbacic  acid  by  method  of  formation  3. 

l.loDeltamethylene  Diamine,  NH,CH,(CH,),CH,.  NH„  melting  at  61.5- 
and  boiling  at  140°  (12  mm.),  lesulis  from  the  nitrile  of  sebacic  acid  by  la  method 
of  formation  (B.  35,  1^53). 

3.  Cyclic  Alkylen  Imides. — Three  members  of  this  class  are 
especially  important:  ft)  Dielhylene  diamine,  piptrazint  or  kexa- 
hydropyrazine ;  (2)  Tetramethylene  Imidr  or  Tetrahydropyrroi ;  and 
(3)  PenlameihyUne  Imide,  Hexahydropyridinr,  or  Piperidine,  the  basic 
decomposilion  product  of piperine,  the  alkaloid  contained  in  pepper. 


27 
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Methods  of  Formation. — (i)  Upon  heating  the   diamine  hydrochlorides,  when 

ammonia  splits  off  as  ammonium  chloride,  e.g.  : 


CIHNHaCH,CH,CH,CHirCH,NH,.  HCl  =  CH«CHtCH,CH,CH,NH  .  HCl  +  NH4CI 
Peiitainethylene  Diamine  Hydrochloride  Pentamethylene-imide,  Ptperidine. 

(2)  Hy  the  splitting-off  of  halogen  hydride  from  the  halogen  alkyl  amines — e.g.^ 
when  the  chlorhydrate  is  heated,  or  when  it  b  digested  with  dilute  caustic  potash 
(B.  24,  3231;  25.415)- 

ClCHjCH,CH,Cn,CH,NH,  =  (!:H,CH,CH,CH,CH,NH  .  HCl 
c-Chloramylamine  Piperidine  Hydrochloride. 

(3)  They  are  produced,  together  with  the  diamines,  in  the  reduction  of  alkyleo 
dicyanidcs. 

CH 

The  simplest  cyclic  alkylenimide,  ethylene  imide,  NH<^  •   **,    corresponding    to 

CHf 

ethylene  oxide,  is  not  known.     However,  piperazine^  a  diethylene  diamide,  corre- 

s}X)nding  to  diethylene  oxide  (p.  305),  diethylene  disulphide  (p.  299),  and  diethyl ene- 

imide  oxide  or  morpholine,  is  known  : 

"  al::a'l:  o  s<S::ch:>s  o<^h;:ch:>nh  nh<ch.ch.>nh 

Diethylene  Oxide  Diethylene         Dlethylene-imide  Oxide         Diethylene-diamtne 

Disulphide  Morpholine  Piperazine. 

Diethylene  Diamine,  Piperazine^  Hexahydropyraziney 

melting  at  104°  and  boiling  at  145-146'^,  was  first  prepared  by  the 
action  of  ammonia  upon  ethylene  chloride.  It  is.produced  by  heating 
ethylene-diamine  hydrochloride  (B.  21,  758),  and  by  the  reduction  of 

/-'I  I  PIT 

pyrazinc,  n/^       ~  r\\^^  ^'  ^^»  7^**)*     ^^  ^^  technically  made  from 

lUphcny! tUethyUne  diamine ^  the  reaction- product  of  aniline  and  ethylene 
bromide,  when  it  is  transposed  into  the  p-dinitroso-compound,  and  the 
latter  then  broken  down  into  p-dinitrosophenol  and  diethylene  dia- 
mine : 


C 


Diethylene  diamine,  or  piperazine,  is  a  strong  base,  soluble  in 
water,  which  upon  distillation  with  zinc  dust,  changes  to  pyrazine 
(see  this)  (I>.  26,  R.  441).  It  is  interesting  to  note  that  piperazine 
unites  with  uric  acid  to  form  a  salt  even  more  readily  soluble  than  the 
lithium  salt.  Hence  its  strongly  alkaline,  dilute  solution  has  been 
recommended  as  a  solvent  for  uric  acid  (R.  24,  241). 

Trimethylene  Imide,  CH^<[\jJ^  :  NH,  boils  from  66-70®  (B.  23,  2727). 

'  CH,.CH, 

Tetramethylene  Imide,  Tttrahydropyrroly   Pyrrolidine^    I  ^NH,  boil- 

ing  at    87°,    is  obtained  from    tetramethylene   diamine   according  to    method  of 
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rmation  I ;  rrom  it-cblorbulylam 
d  by  Ihe  reduction  of  pyrrolmc. 
'   li muimmiiii  (««  succinic  Bcmj  |u.  ao,  z^isj ; 

CH=CH  jH        CH,.CH,  iH        CH,.CH, 

I  >NH >  I     '         '>NH >■  I    •         •>NH 

CH=CH  CH  =  CH  CH,.CH, 

Pyrrol  Pyrroline  Pyirolidine.  Tclramethylene 

Tetrameihylene  imide  has  an  odor  resembling  that  of  piperidine, 
Tttramethykne-nilrosamine,  C,HaNNO,  boils  ai  214°  (B.  ai,  290). 

CHj.CH.CH, 
,^-Methyl  Pyrrolidine,  I  >N,  boils  al  103°  (B.  ao,  1654). 

CH^.cm'cH,)' 
H-Mcihyl  Pyrrolidine.  1,  J^NEI,  is  oUnined  fiom  j-valerolselaiii. 


CH,.CH,, 
Bit  boils  al  (|7°,     1.4-Dimethyl  Pyrrolidine  boils  at  107°  (B.  ai,  1859). 

Pcntamethylene  IravAe,  Piperidine,  Hexahydropyridine, 

™.<cl!::S>'<"' 


I  boiling  at  106°,  is  obtained  according  to  methods  i,  2  (U.  35,  415)  and 

3  (p.  314) ;  also  Trom  piperine  (see  this),  and  by  the  reduction  of  pyri- 
ine,  into  which  it  passes  when  it  is  oxidized: 


,CH— CH> 


pyridine 


H,^  >NH. 


Piperidine  bears  the  same  relation  to  pyridine  that  is  sustained  by 
pyrrolidine  to  pyrrol.  Therefore,  tetrameihylene  imide  and  penCa- 
methylene  imide  link  the  pyrrol  and  pyridine  groups  to  the  simple 
aliphatic  substances,  the  diamines,  and  their  parent  bodies,  the  glycols. 

iThe  pyrrol  and  pyridine  derivatives  will  be  discussed  later  fn 
connection  with  the  heterocyclic  ring  systems,  together  with  allied 
bodies,  and  then  we  shall  again  return  to  pyrrolidine  and  piperidine. 
he 
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These  conl«in  both  ao  -ilcobolic  bydrosj'l  group  and  ibe  aldehj-de  group  CHO. 
►  kence  their  properlies  are  bolh  ibose  of  alcohols  and  aldehydes  |p.  iSy),  The 
■ddition  of  a  H-aloms  clmages  tbem  lo  glycols,  while  by  oxidation  ibey  yield  the 
onyacids,  conlainiog  1  lilie  number  of  cailxin  atooia, 

(I)  Olycolyl  Aldehyde,  CH,(OH) .  CHO,  m>y  be  considered  the  first  aldehyde 
of  glycol,  and  glyoxal  (p.  jzo]  (he  second  or  dialdehyde.  Il  is  produced  when 
brom-acetaldebyde  is  treated  with  cold  baryla  water,  or  when  cbloracetal  is  healed 
with   very  dilute  acids ;    prolmbly   also   from   dioiyioaleic  acid  (7),  an  oiidalion 

Erodua  of  tartaric  acid,  when  it  is  digesred  with  water  ai  50-60°  ( B.  ig,  R.  919), 
[  is  only  known  in  aqueous  solution.      Bromine  water  oiidiies  il  lo  glyfollie  aetd 
^^    (see  Ihis).  and  dilute  canslic  soda  condenses  il  lo  (eiroit  (see  this)  (B.  aj,  1551,  ^^ 

^^^3984);  see  nidol.   Phenyl  hydrazine  ocelale  produces  Ibe  osaione  of  glyoxal  (p.  \sk\.  ^H 
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The  following  bodies,  which  have  been  already  discussed,  are  derivatives  of  glycol 

aldehvde  : 


CHO 


h 


IHjCl  Bil), 
Mon(K.hlor-{brom-,  iodo-) 
Acelaldehyde  (p.  198) 


CH(0C,H5), 

iHjCKBr) 

Monochlor- 

acetal  (p.  300) 


cna, 

iHjOH 
Dichlorethyl 
Alcohol  (p.  125) 


CHCl, 

iHjCl 
i.a-Trichlor-ethane 
(p.  103). 


G/yco/  Acefal,  CH,OH.  CH  (O.  CjHj),,  boiling  at  1670,  is  obtained  from  brom- 
acetal  (B.  5,  150). 

Ethyi  Glycol  Acftal,  CjHjO .  CH,  .  CH(0.  C,H.)„  boils  at  168°  and  is  obtained 
from  1 . 2-dichlorethcr  (p.  135 )  (B.  5,  150).  Phenyl  Glycol  Acetal,  C-H5O .  CH, .  CH- 
(() .  C^Hg^j,  boils  at  257°  (B.  28,  R.  295).  hotriethylin,  CH,.  CH(OC^H5)  .  CH- 
(() .  C'^H  Jj,  l>oiling  at  85°  (I  I  mm.),  is  formed  when  acrolein  is  digested  several  days 
with  alcohol  at  50°  (B.  24,  R.  89),  and  by  the  action  of  orthoformic  ether  upon 
acrolein  (B.  29,  2933). 

(2)  Aldol,  CH, .  CH(OH)  .  CH, .  CHO,  p-Oxybutyraldekyde, 
boiling  at  60-70°  (12  mm.),  and  discovered  by  Wiirtz  in  1872,  is 
obtained  by  the  condensation  of  acetaldehyde  by  means  of  dilute 
cold  hydrochloric  acid,  and  other  condensation  agents,  e.g.,  CO5K, 
(B.  14,  2069  ;  24,  R.  89  ;  25,  R.  732). 

Aldol  freshly  prepared  is  a  colorless,  odorless  liquid,  with  a  specific 
gravity  of  1.120  at  0°,  and  is  miscible  with  water.  Aldol  distils  in  a 
vacuum  un decomposed  at  100°  ;  but  under  atmospheric  pressure  it 
loses  water  and  becomes  crotonaldehyde. 

As  an  aldehyde  it  will  reduce  an  ammoniacal  silver  nitrate  solu- 
tion. Heated  with  silver  oxide  and  water  it  yields  /9-oxybutyric  acid, 
CH,.Cn(()H).CHj.C02H. 

On  staiidine;  it  polymerizes  into  paraldol^  (C^HgO,)n  »  which  melts  at  80-90®. 
Should  the  mixture  of  aldehyde  and  hydrochloric  acid  used  for  the  preparation  of 
aldol  stand  for  some  time,  water  separates,  and  we  obtain  the  so-called  dialdiin^ 
(  .,11,/)^.  Tills  is  a  crystalline  body  which  melts  at  139°  and  reduces  ammoniacal 
silver  solutions. 
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Ammonia  converts  aldol  in  ethereal  solution  into  aldol -ammonia,  C^H^p,  .  NHj, 
a  thick  synip,  soluble  in  water.  When  heated  with  ammonia  we  get  the  bases, 
Qlf,.,NO.^ ,  Cj^HjjNO  (oxytetraldin,  see  this)  and  Cj,H„N  (collidine).  With  aniline 
aldol  forms  tfiethyl quinoliue.     (Compare  alkylide  anilines.) 

Amiiloaldehyiles:  (i)  Amidoacetaldehyde.  \^Ethanalamine'\^  \2.- AminO'ethanar\^ 
NHj .  CH., .  Cl^U).  Tills  is  obtained  as  a  deliquescent  hydrochloride  when  <zw{V/cr- 
acctal,  NH2 .  CHj(0  .  C^Hij)^,  boiling  at  163°,  is  treated  with  cold, concentrated  hydro- 
chloric acid.     Amido  acetal  is  produced  when  chloracetal  is  treated  with  ammonia 

/CH  =  CH\ 

(B.  25,  2355;   27,  3093).    Amidoacetaldehyde  yields  pyraztne,  N — ZTTZ z:rz~z^ 


(B.  26,  1830,  2207).  when  it  is  oxidized  with  sublimate. 
Hydrazidf  Acelaldehyde  (B.  27,  2203). 


\CH  =  CH/ 


Belmue  Aldehyde,  (CH3)3N  .  CH 


.CH6 


OH  (?)  (B.  27.  165),  is  different  from 
Musctxrine  (p.  ^00),  which  occurs  in  fly  agaric  {At^artcus  musearit45). 

/somusiarine,  HO.  CH.^.  CH(OH)N(CH8)8CH  (?),  is  obtained  from  the  additioD 
product  of  ClOH  and  neurine  (p.  309)  with  silver  oxide  (A.  267,  253,  291). 


I 
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_      il  Amidovaleraldehyde.  NH, .  CH, .  CH, .  CIL .  CH, .  CHO.  melting  ■!  39°.  is 

robliined  (xolD  piprriiiint  by  tiic  •etiun  of  1I,U,,  nnd  coniienses  lo  teltahydropyridine 
{B.  15,  1781)  when  il  Si  healed.  ){omologou9  amidoaidchydes  are  olilained  fmni 
cnninr,  a-  and  ^-pipecoline,  m  well  as  copellidine,  when  treated  wiih  hydrogen 
peroxide  (B.  aS,  1273); 

^AnidDvaferaldelivde  Telrubydropyridmc. 


3.  KETONE  ALCOHOLS  OR  KETOLS. 

The  ketone  alcohols  or  ketols  are  ilisiinguished.  according  to  ihe 
position  of  the  alcohol  or  ketone  groups,  as  a-  or  i.z-,  ^-  or  1,3-,  y-  or 
i.4-ketols,  etc.  The  position  of  these  two  groui>awilh  reference  to 
each  other  influences  the  chemical  character  of  these  bodies  more 
than  the  kind  of  alcohol  group  (whether  primary,  secondary,  or 
tertiary).  These  alcohols  show  simultaneously  the  character  of  alco- 
f  hols  and  of  ketones. 

A.  SATURATBD  KETOLS. 

a-  or  i.a-Ketols  yieid,  wiili  pbcoylhydrazinc,  osiuones  of  1.2-aIdebydekelonMor 
1. 2- di ketones  (see  glucoses). 

Acetyl  Ctkibinol,  pyraraftmii  aheiol,  aielant  alioko!,  exyaatetu,  mtlhytketol. 
aftul.  \_Prepanalim\.  CH, .  CO  CH,OH,  Itoiling  at  145-150°.  's  a  colorless  oil  with 
a  feeble,  pecaliar  odor.  It  is  produced  when  wsler  and  freshly  precipilated  barium 
carbonate  act  apon  chloracelone  (B,  34,  R,  726] ;  also  upon  fusing  cane  and  grape 
sugar  with  causlic  potash  (B  16,  837).  Acetol  and  ils  ethers,  when  in  solution, 
reduce  alkaline  copper  solutions  ( B.  13,  2344) 

The  rMj-/^MiT  boils  at  izS"  (A.  369,  14;  B.  a?,  R.  796).  The  a«/)'/ w/^r  boils 
at  171°.     The  ientayl  tsttr  melts  M  24°, 

Phenyl  Actlel,  QH^O .  CH, .  CO .  CH,.  boila  at  i3o'>  (B,  aS,  1253).  Ethyl  Ktlel, 
t:VH,.CO.CH,OH.  boiling  at  155-1 56°,  is  produced  when  ttlnttit  acid  (see  this) 
is  beated  with  water  lo  200°  (B.  a6,  Z22O;  A.  aS8,  19]. 

Chlor-,  brom-,  and  iodo-acelone  are  the  haloid  enters  of  acetyl  carbinol  (p.  217). 
When  then-  or  I  2-diketones.  dtat/lyl  and  a<elyl prepionyH.^.  322),  are  reduced 
with  linc^and  iul|diuric  acid,  the  two  ketone  alcohok  corresponding  lo  benzoin  of  the 
bentene  series  are  produced  (B.  aa,  1214;  33,  2425). 

Acttylmflhyl  Carbinel,  Dimethyl  Ketol,  [l.j-Butanolon],  CH,COCH(f)HlCH„ 
boils  si  142".  Aiilyl-elhyl  Carbinol,  CH.CO.  CH(OH)CH,.  CH..  boils  at  77"  (JS 
mm.).  HemalogoHs  acttoli.  R  .  CO.  CH,OH,  have  been  prepared  m  the  form  of  their 
ethers  from  the  halogen  deriratires  of  alkylized  scetoacellc  esters  (li.  31,  264S). 

Dibutyryl  and  Di-iiavaUryt  were  described  in  connection  with  Ihe  saturated 
Kglycoli.  These  are  compounds  which,  npon  saponification,  do  not  yield  unsaturated 
B^ycoli,  but  their  isomerics-  or  l.z-kelone  alcohols: 

W  CII,CH,CH,,C  — OCO.CjH,  koh  C,H,C— OH  C,H,CO 

CH,CH,CH,.C  — OCO.C,H,  C,H,C  — Oh'      '""'f '"        CjH,CH.OH. 

Butyroln,  C,H,C0CH(0H1C,H,.  boils  at  180-190",  with  ili;;hl  decomposilion. 
ValeroJn,  C.H.CO .  CH(OH)C,H„  boils  at  155-156"  (12  mm.)  (B,  24,  1271)- 
When  these  ketols  are  treated  with  concentrated  causlic  polash  and  air.  Viprepyl- 
Di-uoiMylglyiDltu  AciJ,  (C,H,),C(OH)CO,H  (compare  benicTr.  (  result. 
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/3-  or  i.3-Ketot8. — By  the  aldol  condensation,  acetaldehyde  and  chloral,  to- 
gether with  acetone,  yield  the  two  ketols ;  hydraceiyl  acetone ^  CH, .  CH(OH)  .  CH, .  - 
CO  .  CH3,  boiling  at  176-1770,  and  chloral  acetone,  Ca,CH(OH) .  CH,  .  CO .  CH„ 
melting  at  75-76°  (B.  as,  3165  ;  a6,  354.  908).  Diacetone  Alcohol,  (CH3),C(OH)- 
CHj.COCHj,  also  belongs  in  this  group.  It  boils  at  164^,  and  results  from 
diacetonamine  (p.  219)  by  the  action  of  nitrous  acid.  The  ^-  or  1. 3 -ketols  lose 
water  and  pass  into  unsaturated  ketones  (p.  221),  7-  or  l.^-ketols  and  6-  or  I.5- 
Ketoh.  Representatives  of  these  ketol  classes  result  from  the  products  arising  in 
the  action  of  ethylene  bromide  and  trimethylene  bromide  upon  sodium  acetoacetic 
ester  ;  when  bromelhyl  and  brompropyl  acetoacetic  esters  are  boiled  with  hydrochloric 
acid  (B.  19,  2844;  21,  2647  ;  22,  1196,  R.  572): 

CO,  .Q^\\  »H..O  CO,  -f  CjHjOH 

CH3COCII .  CH, .  CH,Br  ^CIIj .  CO .  CH, .  CH, .  CH,OH  4-  HBr 

Broniclh>  1-aceloacelic  Ester  Acetopropyl  Alcohol 

CO2  .  CjHj  aHsO  CO,  -f  CjHjOH 

CH,.CO.  CH  .Cn,.CH,.CH,Hr        ^CH,.CO.CH,.CH,.CH,  .CH,OH -f  HBr 

Brompropyl-aceloacctic  Ester  Acetobulyl  Alcohol. 

(1)  ?- Acetopropyl  Alcohol,  CH,.  CO.  CH,.  CH,  .  CH,OH,  boils  at  208®  with 
decomj)osition. 

( 2)  y-Acetohtityl  Alcohol,  CH, .  CO .  CH,  .  CH, .  CH, .  CH,OH,  decomposes  about 
155°. 

These  compounds  when  heated  give  oflf  water  and  become  oxides  of  the  unsaturated 
glycols  (p.  29S).  Both  ketone  alcohols  fail  to  reduce  an  ammoniacal  copper 
M)]ution,  but  when  oxidized  with  chromic  acid  yield  the  corresponding  carboxylic 
acids  :  inulinic  acid  (see  this)  and  y-acetobutyric  acid  (see  this).  They  yield  the 
corresjvindiijg  glycols,  j^-jwntylene  glycol  and  d-hexylene  glycol,  when  reduced. 
Uyilrtibromic  acid  converts  them  into  br ompropyl-methy  I  ketone,  QW^.QO .  QW^.- 
CH, .  CHjBr,  and  bromhutyl-mcthyl  ketone,  CH,CO  .  CH, .  CH,  .  CH,  .  CH,Br,  boil- 
ing at  216°.  These  bromides  are  converted  by  ammonia  into  ring-shaped  imides  (B. 
25,  2ic)o),  simihirtothe  ) -dikctones  (p.  324).  I'his  reaction  links  the  open,  aliphatic 
compounds  witli  the  pyrrol  and  j)yridine  derivatives : 

cH,.c().cii3 NHa ch=C;;nh~ch, 

CH^CIIjBr  '^CHj-CH, 

i-Melhyl-dihydropvrrol 

CII,.r^"^  •  ^^  •  CH.       N"^_  .^  ^,jj  ..CH  =  C>j,^CH, 
'   XTIj.CHjHr  *    ^'^2     CH,— CH, 

Tctrahydropicoline. 


B.  UNSATURATED  KETOLS,  OXYMETHYLENE  KETONES. 

Compounds  of  this  class  are  obtained  from  the  ketones  R  .  CO  .  CH,  and  R  .  CO  .- 
CII.jK^,  toj^ether  with  formic  ester  in  the  presence  of  sodium  ethylate.  It  is  very  prob- 
able that  at  first  the  scKiium  compound  of  diethyl  orthoformic  acid  is  formed  (p.  233), 
which  is  transposed  by  the  ketone,  and  water  is  split  ofl': 

O.CjTIs      CVIsONa  ..OCjH^      (CH3)2CO 

\\C(  >  HC^OC,II, >  CH, .  CO .  CH=CHONa. 

"^O  \ONa 

These  bodies  were  at  first  thought  to  be  /3-ketoaldehydes.     However,  their  pro- 
nounced acid   character  has  shown  that  they  should  be  regarded  as  oxymethylene 
ketones,  acivinyl  alcohols  (Claisen,   B.   20,  2191  ;  21,  R.  915 ;  22,  533,  3273  ;  35, 
1 781).     They  dissolve  in  alkaline  carbonates,  forming  stable  salts,  and  give  green 
colored  precipitates   with   copper  acetate   (B.    22,   1018).     Acetic  anhyclride  and 
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benzoyl  chloride  concerts  Ihem  as  readily  in  a  free  slate  as  the  phenola  into  ncnlrat 
acetates  and  benioates,  insoluble  in  alkalies.  Hieir  alkali  derivatives  aDdclliyl  iodide 
yield  exytlkyl  ttkirs.  vhicb  are  ssponilied  by  alcoholic  alkalies,  like  Ihe  etben  of 
organic  ciuboiylic  acids.  These  compouoda,  — CO  .  CH  ^=  CH  .  OH,  are  tbe  dnx 
exceptions  to  the  rule  of  Erietimeycr  (p.  53),  accorditig  to  which  the  complex 
>C^CHOH  present  in  open  chBlnsmuil  Invariably  rearrange  iUelf  into  the  a/i(>ijii/^ 
/arm  >-CH  .  CHO.  It  is  shown,  on  the  contrary,  thai  when  an  hydrogen  atom  of 
the  methyl  or  methylene  group  io  acctaldebyde  or  its  homologues,  K  .  CH,  ,  CHO, 
is  replaced  by  ao  acid  radical,  a  rearrangement  of  the  aldehyde  form  iolo  the  vinyl 
alceksl/orm  is  sure  to  follow  (B.  S3, 1781). 

In  coDJonction  with  this  explanation  it  may  be  mentioned  that  the  alkyl  oiy- 
melhyleoe  group — t.  g.,  C,H.O.  CH^  — may  be  introduced  by  means  of  ortho- 
formic  ester  and  acetic  anhydnde  into  compounds  which  contain  the  atomic  grouping, 
— CO.CH,.CO  (B.  a6.  2729),  t.  g..  into  acetyl  aceloue,  accloacelic  ester  and 
inalonic  c«lcr.  The  compounds  whicli  retult  will  be  described  subsequently  in  their 
proper  places. 

Oxymrthyhnr  A.ftimt  (formerly  ziyXiAfermylaeetom,  atdoatiHc  aldihydi).  CIL- 
CO.CH  =  CHOH,  boils  at  about  loo",  and  readily  condenses  in  solution  to  [l. 3-5  J- 

uityl tnHtcHt.  C,H,[l.3.s-liC0.Cn,),  (see  this).  Hydrarine  converts  it  into 
3 ■methyl  pyraiole,  and  phenylhydriuine  into  i-phBnyl-3-melhyl  pyrazole  (see  this). 
I  OxymthyUHt-ditlhyl  kilom,  C.H.CO  .  C(CH,)  =  CHOH,  melts  al  411''  aod  boils  at 
I  164-166". 


I 


NITROOEN-CONTAININO  DERIVATIVES  OF  THE  KETONE  ALCOHOLS. 

(l  A)  Amidoketonea  of  the  puralBn  series  are  obtained  by  the  ted ucl Ion  of  isonl- 
troio-ketoncs  with  stannous  chloride  (B.  V],  I037).  Amiiloacelnur,  CH,.  CO  .  CH,- 
NHp  is  a  brown,  thick  oil.  AmidoprBpylmelAyl  ketunt,  Cn,COCH(NiI,)C,H„  U 
BD  Oil  which  solidifies  to  a  crystalline  mass. 

Di«cetoiiamine,  {CH,),C(NH,)CH,.CO.CH,.  Compare  p.  317.  These  com- 
pounds,  oxidized  with  sublimali,  yield  pyrazme  derivatives ;  thus,  amido-acetoDe 

passes  into  N— --^~     ^N.  dimilhylfyrasinf  (E.  17,  R.  giS).     The/^ra- 


-^N,  dimtlhy/pyra. 


\CH=C(CH,)/  ' 
tints,  ttlints  or  aldints  will  be  treated  along  with  the  heterocyclic  compounds.  The 
hydrochlorides  of  the  •\  amidokelones  are  easily  transposed  by  potassium  cyanale  into 
imidatelenei,  and  by  poliissium  sulpbocyanide  into  imtdavilylmetcaflans  (B.  27, 
1042,  2036). 

DialiylaiHidiikitBiitt  have  been  prepared  in  great  number  by  the  interaction  of 
chloracetone  and  secondary  amines :  Dimtlhylamido-acflimf,  {CH,),N .  CH,  .  CO .  • 
CH,.  boils  at  t2j°,  while  DiclhylamiJeactUnr  boils  at  IJS"  (B.  ag,  866). 

(l  B)  Unsatulaled  ^-AtnidokeloneB  have  been  i^talned  from  acetyl  acetone 
(p.  323)  by  the  action  of  ammonia,  primary  and  secondary  alkylamines  (B.  ae,  R. 
agoj.  Acelylattlonaminc,  CH, .  CO  .  CH  =  C(NH,)CH„  melts  al  43"  and  boils 
•taogo.  Acotyl-Bcetone-elhylaminc  CH,,  CO.CH  =  C(NHC,H.)CI1,,  boils 
at  2io-2is°.    Aeeiyl-acetone diethylBmine,  CH,. CO . CH  =  CNiC^Hj), .  CH,. 

bralsnl  155' (24  mm.). 

(a)  laoxazoles,  the  anhydrides  of  the  oximes  of  un^luniled  doiy ketones  and 
Jl'Oiyaldehydes  will  l>e  sulncquently  treated  together  with  the  oiiimcs  of  the  alde- 
hyde ketones  and  the  diketonea  (p.  315). 

(3)  a-Halogenketoximea  are  produced  by  the  action  of  hydroxylamineupon  mono- 
halogen  acetones  (p.  2l6|.  a/..rjfC/B4i««.  CH.Cl .  C;  N(OH  | .  CH„  boils  at  71' 
(9  mm.);  iromaceleiimr  melts  al  36",  while  iodoacttaximt  melts  at  64°  (1).  29, 
•55°)- 

-  (4)  Alkylen  NilToaalea  and  Nltrositei,  prodnced  by  Ifae  action  of  nitrogen 
L.  tetioiide  and  Irioside  upon  alkylens.  are  nitrogen-containing  derivatives  of  the 
I  s-kelols(A.  241,  zS8;  245,2411  248,1611  B,ao.R.63S;  »t,R.6ia.V«- g-: 
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(CH,),C 

11      

cn,cH 

^-Isoa^lylcne 
Trimelliyl  Ethylene 


Ns04 ^(CH,),C  .  ONO, 

CH,C  =  NOH 

Isoamylene  Nitrosate, 
in.p.  970 


N^        (CH,),CONO 

CH, .  C  =  NOH. 
Isoamylene  Nitrosite. 


When  amines  act  upon  these  bodies  the  O .  NO,  group  is  replaced  by  the  NHR 
group  with  the  formation  of  nitrolaminei^  from  which  ketoamines  can  be  obtained : 

(CH^^jC  —  ONO,    C.HjNH,      (CH,),C  —  NHC,Hj     H,0      (CH,),C  —  NHC,H, 


CH3C  =  NOH 


CH,C  =  NOH 
Aroylene  Nttroaniline 
m.  p.  131^ 


CH,C  =  O 
Amylene  Ketoanilide. 


Potassium  cyanide  introduces  the  cyanogen  group  for  the — ONO,  group  of  the 
amylene  nitrosate,  and  from  the  nitrile  an  oxime  acid  may  be  prepared.  The  latter 
melts  at  97°  and  breaks  down  into  CO,,  and  methyl  isopropyl  ketoxime,  which 
would  clear  up  the  constitution  of  these  bodies : 


(CH,),C.ONO, 


CHjC^NOH 
^-Isoamylene 
Nitrosate 


(CH,),C .  CN 

CH,C  =  NOH 
Isoamylene 
Isonitrosocyanide 


(CH,),C .  CO,H 

"^   CH,C  =  NOH 
Ketoxime-dimethyl 
Acetoacetic  Acid 


(CH,),CH 

CH,C  =  NOH. 
Methylisopropyl 
Ketoxime. 


The  nitrosate  and  nitrosite  reactions  are  important  for  some  of  the  teipenes 
(see  these). 

(5)  Pyrazoles  (see  these)  are  heterocyclic  nitrogen-containing  deriyatives  of  the 
imsaturated  ,^oxyketoncs  (p.  318),  which  are  obtained  from  these  and  hydrazine  or 

phenylhydrazine  (see  above). 


4.  DIALDEHYDES. 

The  only  known  dialdehyde  of  the  fatty  series  isglyoxal,  discovered 
in  1856  by  Debus. 

Glyoxal,  Oxalaldehyde  [Ethandial],  Diformyl,  CHO .  CHO,  is 
the  dialdehyde  of  ethylene  glycol  and  oxalic  acid,  while  glycolyl 
aldehyde  (p.  315)  represents  the  first  or  half  aldehyde  of  ethylene 
glycol  and  the  aldehyde  of  glycollic  acid  : 


CIIjOH 
CH^OH 

Glycol 


CH,OH 
(^HO 

Glycolyl  Aldehyde 


CHO 

(!:ho 

Glyoxal. 


Glyoxal,  glycollic  acid  and  glyoxylic  acid  are  formed  in  the  careful 
oxidation  of  ethylene  glycol,  ethyl  alcohol  (B.  14,  2685  ;  17,  R.  168), 
or  acctaldehyde  with  nitric  acid.  It  may  also  be  prepared  by  trans- 
posing its  sodium  salt  with  sodium  bisulphite  (B.  24,  3235). 

On  evaporatinjT  the  solutions  the  glyoxal  is  obtained  as  an  amorphous,  non-Tola- 
tile  mass.  It  deliquesces  in  the  air.  It  is  very  soluble  in  both  alcohol  and  ether. 
In  this  condition  it  probably  represents  a  hydrate,  because  nuthylglyoxal  (p.  321) 
and  dimethyl  glyoxal  (p.  322)  are  very  volatile  (B.  ai,  809). 

Deportment :   The  alkalies  convert  it,  even  in  the  cold,  into  glycollic  acid.     In 


iwehange  the  one  CHO  group  is  reduced,  while  the  olhcr  ii  o»i<tUcd  icomparc 
ii[1  and  beniilic  add)  : 

CHO  CH.OH 

J         +  H,0  =  1 
CHO^     '         CH.OH. 

»  dUldehyde  il  unites  directly  with  2  molecules  of  piimary  sodium  sulphite, 
■  fonnitig  (he  crysUlline  compound,  C,H,0,(SOjHNa),  +  H,0.  This  bisulphite  is 
reiulil]'  transposed  by  priruBty  and  secondary  amines,  with  the  production  either  of 
derivalitcs  of  glycocoll  or  jndolsulphonic   acids  (B.   37,  3258).     It  also  reduces 

^      Concentrated  atniDonia  yields  two  bases  with  gtyoxal :  Olycosili, 
CH— NH^  yNH— CH 

Jl„_K^'«=^N -<>«"'•  "■"«"■ 
iUid  in  lu^et  quantity,  Glyoxaline.  C,H,N],  the  parent  substance  of  the  glyuxalines 
(oxalines)  or  amidaiolcs  (^-diaioles)  (see  these). 

tor  their  depoitment  with  u  phenyl enedi amine  compare  the  n-dikelones,  page  322. 
Glyoiime,   page   327.     GlyaxalosRzone,  p.  318.     Glyuxal  and  utea  form  a 
dimelde  called  glycoluHl. 

NnfUuiiynlhftic  Rractioiis.^Yozaiic  aldehyde  and  aceUldehyde  unite  with 
hydrocyanic  acid  lo  form  the  nitriles  of  glycollic  and  lactic  acids  respectively. 
Glyoxal  in  the  same  manner  combines  with  pnissic  acid  and  becomes  the  nitrile  of 
racemic  acid.  Consult  B.  ai,  R,  636,  for  (he  condensation  of  glyoial  wilh  malonic 
ester  and  aceioaceiic  esicr. 

CH,.O.CH.O.CH, 
OrlhBglynxal ditthyUnt flkir,  ^^     Q    l^H    O    (I:H  '    "^'""^   "    '■'''°'   "  P™' 
dueedby  the  action  of  hydrochloric  acid  gas  upon  glycol  and  glyoial  (B,  a8,  B.  311). 
Other  aldehydes  of  SBlurBled  dibasic  acids  ate  not  Lnown.      ^--Butfrolaclone  was 
formerly  thought  to  be  the  dialdehyde  of  succinic  acid. 

Diiram-malcU  aldtkydt,  OCH  .  CBr :  CBr  .  CHO,  melting  at  htf,  baa  been  foraed 
by  the  action  of  bromine  water  upon  ^^  dihrompyroracemic  acid  (A.  332,  K9), 

Theoximes,  hydrazanes.  and  osazones  will  ail  be  treated  tt^ther  wilh  tbe  corre- 
ipondiiig  derivatives  of  the  aldehyde  ketones  and  dikelones  (p.  325), 


^P      5.  KETONE  ALDEHYDES  or  ALDEHYDE  KETONES. 

Pyroraceinie  Aldehyde,  Atetyt  Formyl.  Mtthyl  dyoxal  [Propsnalon],CH,.- 
CO.CHO,  is  a  yellow  volatile  oil,  obtained  by  boiling  its  monoxime,  isonilroao- 
acetone  (p.  316),  with  dilute  sulphuric  acid.  The  bodies  formerly  supposed  lo  be 
^-ketone  aldehydes,  which  were  also  called  formyl  ketones,  i.g.,  fonnyl  acetone 

ICH,  .  CO  .  CH, .  CHO,  have  been  found  to  be  unsaturated  ketola ;  they  have,  there- 
fact,  been  already  discussed  in  concectioD  with  the  saturated  kelols, 
I  6.  DIKETONES, 

'    The  relative  position  of  ihe   CO-groups  determines  them  to    be 
nther  a-  or  i.  ad  i  ketones,  /S-  or  1.3-diketones,  7--  or  1.4-diketones,  etc. 

They  have  been  regarded  as  diketosubstitution  products  of  the  paraffins,  hence 
the  name.  Tbe  "  Geneva  names  "  contain  the  syllable  "di  "  between  the  paraffin 
name  and  Ihe  ending  "on";  thus  [Bulnndion]  for  CH,  .CO .  COCH,.  The 
a-diketones  are  motl  generally  designated  as  compounds  of  two  acid  radicals,  t.  g., 
4iatttyl  for  CH,CO.CO.CH,:  ihc  ^-diketones  as  monokelones  containing  add 
"-licals,  ■•.  g..  acetyl  acetone.  CH, .  CO  ,  CH, .  CO .  CH,, 


i 
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I 


Thi!  dikpionu  react  like  ihe  monoliPlanes  wilti  hydroiyUmliM  and  jihenylb| 
druine.  1'heir  oiimes,  prepBred  in  inolliFr  msniiFr,  coDSdtuU  tfae  chirf  Marling 
oul  iiialcnBl  for  llie  obUiinment  i>(  the  a-dikelonrs.  The  nitrogra-coDlaining  dvrira- 
liTcs  of  the  diketnnet,  Ihe  sldpliyde  ketones  and  dUldehjdet,  because  of  ibeic 
iinparlance,  will  be  discussed  after  Ihe  dikelones. 

(I)  a- D [ketones  or  rsDiketiineB, 

TliCie  are  oblained  from  their  moDoxinies.  the  isonitrosokelones,  by  boiling  tl 
latter  with  dilate  sulphuric  acid  (w.  Pcchmannj  (B.  so.  3113 ;  ai,  1411 ;  la,  5i]9 
531;  14,  3954) ;  atpyreractmit  aldtkydt.     They  are  also  formed  when 
ketones  arc  oxidiied  wilb  nitric  acrd  (i).  aB,  S55).  ^ 

The  a-diketoaes,  in  contntdutinctlon  lo  the  colorless  aliplistic  monoketones  are 
yellow,  volatile  liquids  with  a  penetnling  quinonelike  odor. 

(I )  The  a-diketone>  are  chaiacteriied  and  distinguished  from  the  /(-  and  }-kcluae( 
by  their  ability  to  unite  with  the  orlfaopbetiytencdianiines  (limilar  to  glyoialj.  In 
this  way  they  are  condensed  to  the  qHiHeialiHn  (see  these)  : 


a/ 


,NH, 


CO.R 
CO.R~ 


,N:CR 


+  2H,0. 


All  compoundi  conluning  the  group  — I 

acid,  glyoxylic  add,  slloian,  dioiylartaric 
o-phenylencdiamines,  (2)  The  glyaxalinis 
O'diketancs  with  ammonia  and  the  aldehydes 


I .  CO — ,  t.  g.,  glyoial,  pyroiaceniSc 
cid.  etc.,  react  similarly  with  Ihe 
e  the  products  of  the  uoion  of  the 


CH,.CO  CH,C— NH, 


A 
\ 


(3)  !fui[tus-iynlkrfk  teeclioHi  ; 

n-Diketancs,  contaiaing  a  Cfl,-groDp,  together  with  Ihe  CO-gronp,  sostaia  a  rather 
remarkable  condensation  when  acted  upon  by  the  alkalies,  Aldoli  are  liist  pn>daced, 
and  later  the  fuwancx  (B.  t»,  3115  ;  38,  1845} ; 


I,.CO.CO.CH,  CH.qOHl.CO.CIJ, 

yield  I  a.ii. 

CH,.C0.CO.CH,  CH,.CO.CO.CH, 

1  Molecules  Dlicely!  Ulacetyl  AJdol 

prussic  acid  yield  the  nitrile  of  dimethyl  ri 


CH,.C.CO.CH 

CH-CohcH^ 
|f-Xyloqui 


(4]  Diacelyl  and  prussic  acid  yield  the  nitrile  of  dimethyl  racemic  add  (si 
oxal)  (B.  M.  R.  137). 

Diacelyl,  CH,  .  CO.CO.  CEI„  Diketobutane,  Dimethyl  diketone,  dimethj 
glyoial  [Butandion],  from  isonilrosoelhylmethylkeloiie,  has  also  liecn  obtained  f 
oxnlyldiaceiic  acid  (ketipic  odd)  by  ibe  splitting -oil*  of  the  corboiyls  upon 
application  of  heat  (B.  ao,  31S3),  as  well  as  by  the  oxidation  of  tetrinic  acid  (lee 
this}  with  KMnOf  (a  16,2330;  A.  a88,  ij).  It  is  a  yellow  liquid,  with  an  odM 
tike  that  of  quiiione.     It  bdls  at  Sj-Sg". 

Telrachlor-diacetyl,  CHCI, .  CO  .  CO  .  CHCI,,  results  in  the  action  of  potassiam 
chlorate  upon  chloranilic  acid  (together  with  tetrachloractfone,  p.  217).  It  mdls 
at  84-  [U.  aa,  R.  809 ;  13,  R.  20). 

Tetrabrom-diacetyl  (CHBr, .CO),  (B.  33,  3$)  and  Dibrom-diacetyl, 
(CHjBr .  CO},,  are  produced  by  the  action  of  bromine  upon  diacelyl. 


1 


Acelyl-butyryl.  fa  j-Hexiindionl.  C,H,.  CO .  CO .  CHj.boilsat  laS".  Acetyl. 
lo-bulytyl,  (CH,|,CHCO  ,  CO  .  CH,.  boils  at  115".  ^ftfy/  hffvaUryi.  fCH," 
--'•■■.      Aiilv!    /jfl-ra/rDj'/,   (CH,l,CllCH,CH,r 


I 


DIKBTONES. 

ion  of  hiporhloro 


cjij.c  I  ecu,  +  2aoH  =  c,ii,.ca,.co.cH,+  ii,o. 

Methyl-a-Jiililorpropyi  Kittiru,  CjH^.  CCl,.  CO .  CH,,  boiling  at  IjS".  yields 
methyl-D-propyl  ketone  on  reduction;  with  a  polH^  solution  it  forms  duioiguinoiic, 
mngelic  acid  (p.  283I,  end  a-ethyl  ocrflic  acid.  Tlie  two  ocids  result  (rom  an  iutra' 
inolecHlar  atomic  reanongemeDl  which  recalls  that  of  the  formalion  of  bcniilic  acid 


two  nucleus- syntheti 


from  beniil  (p,  54). 

(1^  ^-  or  1. 3- Dike  (ones  nre  produced  according  tc 
tions:  (l)  Like  the  oxymetliylene  ketones,  by  the  jnieraciiaD  01  aceuc  esters  ana 
ketones  in  the  presence  of  sodium  eihylate,  or,  belter,  metallic  sodium  (Claisen,  II,  aa, 
loog;  33,  R.  4a).  It  is  very  probable  that  the  formation  of  ■  sodium  derivative  of 
oHhoacetic  acid  precedes  the  condensation.  Compare  oxymethjleoe  ketones  (p, 
.    316)  and  acetoacetic  esler  (lee  (his)  ; 

,OC,H.  ,OC,H, 

CfLC/^  +  C,H,ONa  =  CH,C^OC,H. 

CH,ilo2H,  +  JJ>CHCOCH,  =  CH.qONa)  =  CH .  CO ,  CH,  +  aC.HjOH. 

^)  By  the  action  of  AlCl,  upon  acetyl  chloride  and  the  subsequent  decompoiilion 
— ' — linium  derivative,     iliis  reaciion  was  discovered  by  Combes,  but  correctly 
byGuslavsoo  (II.  «i,  R.  15I;    33,1009): 


C0.( 


s),  and  fo™^. 
1  argument  in 


however,  the  diketo-formula.     Compare  also 

acetic  ester  (see  this)  (A.  377,  162}.     The  molecular  refraction  is  a 

favor  of  this  view  (B.  35,  3074). 

Dtpsrimtal. — Their  alkali  salts  are  precipilaled  by  copper  acetate.  FerHc 
chloride  imparts  an  intense  red  color  to  their  alcoholic  solution.  See  pp.  327.  32S  for 
their  remaritable  behavior  with  hydroxy lamine  and  phenylhydraiinc. 

Acetyl-acetone,  CII, .  CO .  CH, .  CO  .  CH,,  boils  at  13;°.  See  ahove  for 
iu  formation.  It  can  be  produced  by  eleclrolyzing  an  alcoholic  solution  of 
sodium  acetyl  icdone.  Telraacetyletbane  is  formed  by  the  action  of  iodine  upon  the 
same  salt  (B.  s6,  R.  884).  S,CI,  and  SCI,  produce  dithio-  and  mooothio-acetyl 
■cctoue  (U.  17,  R.  401,  7S9).  See  p.  318  for  (he  action  of  hydrazine  and  pbenyi- 
hydntine.  Cepfir  Acity!  Attlont.  tC,H,0,),Cu.  Btryllium  Actlyl  Att/one  (C^H,- 
0,l,Be.  melts  at  Iog«  and  boils  i(  170=.  Aluminium  Ac/ly!  Acttoni.  (CiH,0,),aI, 
ineUs  at  193°  and  boils  at  314°.  The  vapor  densities  of  these  bodies  indicate  the 
bivalent  nature  of  ^locinum.  and  (he  trivalent  character  of  aluminium  (Combes.  B.  3B, 
I  R.  lOj.  OttBchtoracilyt  Actlimrmt\\.^<a^-i°.  Orrffiramnrt/yl A(rlBnf,CBr,.COC- 
K'jCOCBr,,  is  formed  when  chlorine  or  bromine  acts  upon  phlorc^lucin.     It  melts 


f  «  "S*"  I 


i.  33-  "7I7K 


and  alkyl   iodides  act  upon 


:b(:;^ti: 


rw7 


mmi 


r-5-    s. 


•  -      r 


:  ^Di 


I* 


1.  . 
A- 


C^M  # 


i-,     _     i 


-■1  :  -i   i.-i:  :-«s  -wzzji  -iiesjiij iruizie .    raese  ire  cilor- 

ri,     Z'j     .H.    1:?    r'riiiLnei   i'-cx    pTr:cr::jinir:c    add. 

Lirt.  J-.:  ::i  •:  t>r-;r.  w^en  tJiej  are  aHowTKl  lo  siard  in 

:■  •!  ..^  Jij  :r  i.'ie     E.   22.  ii=c\      A  i;q:i;d  wi:h  an 

I:   :?  ~  s:  lie  wi"±  waicr,  alcjbC'L  and  edier.     It 


Z^--^-'--*"  •'      J  -f'  ■  m-    ' 


A:i:: 


.  z    i8.  5?-  y.*.  22ZI  . 

i.     :*    ."e   =i:'.-^r-'.e  :f  wi:er   fr:m  aceionyl 
*.:>.  I.-:  cJi':hie  crP-O,-  ancrds  dimethvl 


2C.  ::•: 


I  -« 


..O        ^  II.« 


-  -'I 


s^:i  —*^ 


V3. 


^      —1 
I 


'^.':;.:r  /  :  <T::r.-r  :   ~;  ::r.  is  rea::  :r.  j  s:c:i:Lir  manner  (Knorr,  B.  17, 

■^  ~  r  ' 

:     '  '•'  /.  r  '.  :. :  I  ■  -  :  v ; :  h  •  - :  ^  1  h .  r^s  5 .: '.  z  h :  i e  acet o n  vl  acetone  viel ds 


CH, 

CH, 
D.=:e:h\I  Thiopbeoe. 


AV.  :he  y  i  ke:   r.es  -r  ■  i  .:  -cicar:  :x; '  compounds.  ^.  ^.,  the^'-ketonic 
ac:  IS    -vj:-v>v  .\:trl«::  :he  c  rresr-r.dir.g  ihiophene  derivatives  upon 

.3     /V-v:-.'/;-.  .'/;•.  r»./ is  r, rod -iced  on  heating  acetonyl  acetone  with 


aic v.'iiv.'> . L  »i 1 1 1  Ml ■■  J ri  1  a  i 


,.CH, 


CIK    O  >.  CH,       ^.|j    ^  CH  =  C<^.„  ,  ^,i^o_ 
C H,.  CO.  CH,       -      '       CH^^=C-CH, 

Dimethyl  P}rrol. 


I 

I 

I 


DIKETONES. 

All  compounds  containing  two  CO-groups  in  the  (1-4)  position 
leact  similarly  with  ammonia  and  amines.  Such  are  diaceio-succinic 
ester  and  Isevulinic  ester.  All  the  pyrrol  derivatives  formed  as  above, 
when  boiled  with  dilute  mineral  acids,  have  the  power  of  coloring  a 
pine  chip  an  intense  red.  This  reaction  is,  therefore,  a  means  of 
recognizing  all  (i.4)-dil(eiGne  compounds  (B.  19,  46).  These  deriva- 
tives react  similarly  with  amidophenols  and  amido-acids  (B.  19,  558). 

In  all  these  conversions  of  acetonyl  acetone  into  pyrrol,  thiophene, 
and  furfiirane  derivatives  it  maybe  assimied  that  il  first  passes  from 
the  diketone  form  into  the  pseudo-form  of  llie  unsaturated  diglycol 
(p-5  7): 

CH, .  CO  .  CH,     ,         CH  =  C<oii' 
^Hj.CO.CH,  '■"'''''61  =C<9"' 

and  from  this,  by  replacing  the  2OH  groups  with  S,  O,  or  NH,  the 
corresponding  furfurane,  tliiophene,  and  pyrrol  compounds  are  pro- 
duced (B.  19,  551). 


resulting  rrom  the  condensalion  of  aldehydes  and  tctloacetic  esttra,  by  ipliltine  off 
carboxyethf]  groups,  [here  results  instead  of,  for  example,  diacelyl propane  or  l,5- 
heptudion,Cll,.CO.CH,.CH,.CH,.CO.CH„a  carbocytlic  coodeosaiion  pro- 
duet -3- Methyl -ij-R- hex  en  c  (A.  a88,  jzl). 

'  "'ketone  (1.7).     Dincetyl  Penlane.  CH,.  CO(CH,VCO  .  CH,.  belongs  lo  this 
When  this  is  reduced,  it  sustains  aa  iolnuDoteeufar  pinicone  [ormaliaii  and 


becomcsdimethyldihydroiyheptametbykne.CH,,C^(OH](CH,)((';(OH)CH,  (B. 
33,  R.  249;  34.  R-  6341  a6i  R-  316). 


I.  For  the  action  of  ■mmonia  upon  glyoxal  uid  acetonyl  acetone,  consult  pp.  321, 
3»4. 

A.  Manoximes, — (a)  Aldoximfi  of  the  a-aldfkyiii  kitsnts  and  miainximes  of  Iht 
a-dikilunn :  isonitrinotelvtiet  or  oximid''-ift'>nfi.  These  bodies  are  formed  (la)  by 
the  BClion  of  oilroKen  trioiide  upon  ketones  (B.  30.  639). 

(lA)  When  Btnyl  nitrile  to  (he  presence  of  sodium  elhyUle  or  hydrochloric  acid 
acts  upon  ketones.  At  limes  sodium  ethylate  and  ^ain  hydrocbloric  acid  gives  the 
best  yield  (B,  30,  1194  ;  iS,  191$) : 

I  CH,  .CO.  CH,  -t-  NO .  O .  CjH„  =  CH, .  CO .  CH(N.  OH)  +  CsH„  .  OH. 

An  excess  of  amyl  niirile  dccomjioscs  the  o»imido-body,  in  tliat  ihe  oiimido-group 
!b  replaced  by  o^ygen,  with  (!ie  production  of  ndiketo  derivatives  ( II,  22,  527). 
{2)  Just  as  acetone  is  formed  from  aceloacetic  eater,  so  can  isonilroso-  ot  osimido- 
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acetone  be  prepared  from  the  oximido-deriTatiTe  of  acetoacetic  ester  (B.  15,  1326). 
Nitrous  acid  decomposes  acetoacetic  acid  into  oximido-acetone  and  carbon  dioxide  : 

CH, .  CO .  CH, .  CO,H  -h  NO .  OH  =  CH, .  COCH(N .  OH)  +  CO,  -f-  H,0. 

Similarly,  the  oximido-compoundsof  the  higher  acetones  can  be  directly  derived  from 
the  monoalkylic  acetoacetic  acids  and  their  esters  by  the  exit  of  carbon  dioxide 
(B.  20,531): 

CH,.CO.CH<^^„  -f  NO.OH  =  CH,.CO.C<'  4- CO, -f  H.O, 

CO,H  ^  "^N.OH 

while  the  dialkylic  acetoacetic  acids  do  not  react  (B.  15,  3067). 

Properties. — The  isonitroso-  or  oximido-ketones  are  colorless,  crystalline  bodies, 
easily  soluble  in  alcohol,  ether  and  chloroform,  bat  usually  more  sparingly  soluble 
in  water.  They  dissolve  in  the  alkalies,  the  hydrc^en  of  the  hydroxyl  group  being 
replaced  by  metal,  with  the  formation  of  salts  having  an  intensely  yellow  color. 
They  yield  a  yellow  coloration  with  phenol  and  sulphuric  acid,  and  not  the  blue 
coloration  of  the  nitroso-reaction  (B.  15,  1529). 

Deporttnent. — (i)  As  in  the  keton-oximes,  so  also  in  the  isonitroso-ketones,  the 
oximido  group  can  be  split  off  and  be  replaced  by  oxygen,  which  will  lead  to  the 
formation  of  diketo  bodies,  — CO .  CO — .  Sodium  bisulphite,  and  boiling  the  result- 
ing imidsulphonic  acid  with  dilute  acids  will  bring  about  this  transposition  f  B.  ao, 
3162).  The  reaction  also  takes  place  when  isonitroso-ketones  are  boiled  directly  with 
dilute  sulphuric  acid  (H.  20,  32 1 3).  The  decomposition  is  sometimes  more  readily 
effected  by  nitrous  acid  (B.  22,  532). 

(2)  The  aldoximido-ketones,  like  the  aldoximes  (p.  206),  are  converted  by  dehy- 
dratinjT  agents — f- g-y  acetic  anhydride — into  acidyl  cyanides  or  a-ketoncarboxylic 
nitrilcs  j^see  these  1  (B.  20,  2196). 

(3)  AfniJo-ketones  (p.  319)  are  produced  in  the  reduction  of  isonitroso-ketones  by 
means  of  stannous  chloride. 

(4)  Two  molecules  of  phenylhydrazine  acting  upon  the  isonitroso-ketones  produce 
osazofte^,  e.j^.,  CIIj .  C(NjII .  C^Il5)CH(N,H  .  C^Hj)— acetonosazone  (B.  22,  528). 

(5^  By  the  further  action  of  hydroxylamine  or  its  hydrochloride  (B.  x6,  182)  upon 
isonitroso  acetone,  the  ketone  oxygen  is  replaced  and  ketoximic  aiuis  or  dioxiwes  of 
the  f/  aldehyde  ketones  and  n-diketones  are  produced.- 

(6)  The  benzyl  ether  results  from  the  action  of  sodium  alcoholate  and  benzyl  chloride 
upon  nitroso-acetone.  This  is  isomeric  with  the  benzyl-isonitroso-acetone  derived 
from  benzyl  acelo- acetic  acid  : 

C«H 
CII,.CO.CH:N.OC,H,        and        CIK.CO.c/        ' 

'    '  ^N.OH. 

Isonitroso-acetone-bcnzyl  Ether  Benzyl-isonitroso-acetone. 

This  is  evidence  that  the  ox imide  group,  N.OH,  is  present  in  the  isonitroso- 
compounds  ( B.  15,  3073).     Consult  B.  16,  835,  for  the  salts  of  the  isonitroso-ketones. 

Isonitroso-acetone,  aldoxime  of  pyroracemic  aldehyde,  CH,  .- 
CO.CH:  (X.  OH),  is  very  readily  soluble  in  water;  crystallizes  in 
silvery,  glistening  tablets  or  prisms;  fuses  at  65°,  and  decomposes  at 
higher  temperatures,  but  may  be  volatilized  in  a  current  of  steam. 
The  aldehyde  of  pyroracemic  acid,  CHs .  CO.  CHO  (p.  296),  can  be 
obtained  from  it  by  splitting  off  the  isonitroso-group. 

Monoximes  of  the  a-Diketones. — Isonitrosomethyl-acetone^  CH, .CO.C  = 
NOH.CH3,  melts  at  74°  and  Iwils  at  185-188°.  honUrosomethylpropyl-kiiont^ 
CHjCO .  C  --^  NOH  .  CH, .  CH,,  melts  at  52-53<»  and  boils  at  183-187°.    IsonUrosO' 


W: 
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ditiMyl-lietoiif,  C.H, .  CO ,  C  =  N .  OH  .  CH„  mells  at  sg-ea".  IteHUrosemelAyl- 
i«i/>'A*rf(Mtt,  CH,  .CO.C=NOH.  L",H„metts«l49.5''.  tsonilrtiBmitAyl-ii-iulyl- 
kllaHf,  CH,.CU.C  =  NOH.CH(Cll,l,,  melts  at  75°-      honitre!omelkyt-ii, 


kitoHf,  Cn'  CO  '.  C=  NOH  '.  CH, ,  cfl'cH,),.  melw  M  41°  C,     homtroiomtlliyl- 
■  ■     nf,  CH,  . CO. C^ NOH.  CH,.CH,.CH(CH,),.  melts  «13S". 


ipryl-itlotic,  CH,  . 

6.  Oxime-anhydiides  of  the  /?-Diketones  or  IsoKaioles. 

Monoximes  of  tbe  ^- fanny Ikelonea  and  of  ihe  ^-diketones  are  not  knomi.     In  Ihe 


sltempt  to  prepare  Chem  wstec  aptils  aS  and  an  inlramolecutar  anhydride  formation 

'  kcs  place.    The  oiimc -anhydride 5  are  Isomeric  with  the  oxaioles,  which  also  con- 

n  oflire  members;  hence  their  name,  isexatolri  (b.  21,  217S  ;  34,  3go  :  as,  17X7). 


takes  place.     The  Olimc -anhydrides  are  Isomeric  with  the  oxaioles,  which  also  C( 
of  lire  members;  hence  their  name, /r0jr<itu/'(  (b.  21,  217S  ;  34,300:  as 

In-MelMyliioxAiilf,    CH,-q-C,H,NO,    boiling    «    lii".    and    j-mt/iy/iiBvii 
CHi-y-CjHjNO,  boiling   at     llS",   result    from    oxymclhylcne   or  foirayl  acpio 
They  are  ttanspnrent  liquids,  having  an  intense  odor,  resembling  that  of  pyridi 
0-MethylisoxBiole  readily  rearranges  itself  into  cyanacclone  (see  Ibis): 
: 


CH=CHOH  CH— .CH     CH — CO.CH,  CH C.CII, 

N       CH.OH      NH,  -".OCH,    *N 


I 

i 


I 


a>--Dunetbylisoxazole  (CH,),-n)'-C,HNO,  boiling  a<  1.11-142°,  has  a  very 
culiar  odor,  and  \i  obtained  from  aceiylatctone  and  bydro^iyl amine  hydrochloride. 
C,  Dionimea. 

{a)  aijpoximes  or  aDioiimcB.— The  monoximc  of  glyoxal  is  not  known,  but 
when  il  (pyroracemic  aldehyde)  and  ibe  n-dikelones  are  treated  wilh  hydroxylamine 
hydrochloride,  then  the  a.dioximea  or  glyoximes  are  formed.  They  con  also  be 
obtained  from  a-iionitroso- ketones  or  a-dirhlorkelonei, 

OlTOxime,  CII(=N.OH).CH(=N.  OH),  melting  ai  178'' {P.  17,2001;  15, 
705;  s8.  R.  620),  is  prepared  &om  Itichlorlactic  acid  (p.  340).  Methyl  Olyoxime. 
Aceloximic  Acid,  CH,C{NOH)  .CH(NOH).  tnells  at  153°.  Dimethyl  Glyox- 
ime,  .Oia«rt'/<AaJi'i»/,CH,C(NOH).C(NOH)CH,,meltiat  334°  |B.  aS,  R.  1006), 
MtiAyl-Miy/ Gfyeximt.i:n^C{NOH).C{tiOH).C,lIi.  mells  wilh  decomposition 
J  at  170°.  Mtlhyl-propyl  Glyoximt  melts  at  168°.  Mtltyl  kotutyl  Glyojcimt  melts  at 
1. 170-1 71°. 

(i)  Olyoxime  Peroxides  (B.  33,  3496)  result  when  NO,  acli  upon  an  ethereal 
CH..C  =  N  — O 
olution  of  the  glyoximes:  tlimilkyl glyaximt  ftraxide ,  1  1  .  boils  at 

ti2-i23".     Mtlhyl-elhyl  Gtyexime  Peroxide  boils  at  115-116°  (l6-5  mm,). 
If)  Furazanea,  Atoxatoln,  J-'aro-fti.aA-i/iatiilts  are  the  anhydrides  obtained  from 
C-H:N 
lerUun  a-dioxlines,     turaiane,    1       Kt--^^'  ''^"^  '^  "''I  Known,  while  dimttkyl- 

L  AfiUdH',  for  example,  from  diacetyl  dioxime.  has  been  prepared. 

V      {d)  ^-Dioximes  are  not  known  («ee  above)  ;  they  would  be  oxime  anhydrides  of 

pUkc  ^dikelones  or  lioxazoles. 

\  U)  7-Diokiines,  which  may  be  systematically  derived  from  the  j-dialdehydes 
(}'-btilyrolaclone,  see  iliis)  and  jr- aldehyde -ketones,  not  known  in  a  free  condition 
and  probably  not  capable  of  existing,  as  well  u  from  known  }'-diketones,  may  be 
prepared  (l)  by  the  ecljon  of  bydroxyl amine  upon  pyrrol  (G.  33,  1968)  and  atkyi 
pyrrols  (B.  33,  1788);  (2)  from  )'-diketones  and  hydroxy  lam  ine.  They  are  decooi' 
posed  by  boiling  alkalies  into  the  corresponding  acids,  or  ^-diketones. 

SuecinaldihydidiBximi,  HO .  N : CH .  CH, .  CH, .  CH  :  N .  OH.  melting  al  173", 

Ksses  upon  reduction  into  telraraethylene  diamine  (p.  313).  ElAvltucnnal-dterimr, 
O.K:CH.CH(C,H,).CH,.CH:N{0H),  mells  at  134-1 35'-  Prefiimylfire- 
^BnalMeximi.  CH, .  CH,C:  N(OH) ,  CH,.  CH, .  CH :  N(0H),  melts  at  84-85", 
Mtlhyl-l.nulmal-dioximt,  CH,.  C;  N(OH) .  CH,CH{CH,)CH  :  N(OH),    Aittonyl- 


I 
1 
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3.  Hydraiine  and  Pb«ny1bydracine  Derivatives. 

CII,C  =  N 
DimrthylatiilkaHt,  1         t  ,    melting    iboTc    270°,   i 

:(CH,).C(CH,)<'^" 


'   NH 


^NH 


ind    DimrlhylbukyS 
liing  ai  158°,  irv  obtuiti^d  (roin  di- 


■eelyl  »nd  hydtntinc  (J.  pr,  Cb.  \i\ 

Monohydrazonet.— Hydtuonc  of  Pytoraeemic  Aldehyde,  CII.CO  .  CH ;  - 
N.NH.C,Hj,  melling  at  148°,  U  obtainrd  by  ^ponifying  Ihe' re  action -product 
resulting  from  diazobenune  chloride  and  indium  accloacetic  esler  with  ■Icohoiic 
caustic  poiub.  Diacetyl-bydraione,  CH,.  CO. C.-N(NKC^H()CH^  melting  u 
133°,  h«s  been  prepared  from  diactiyl-  and  methyl -aeeioacelic  ester  (Japp  and 
KlingemiDn)  (A.  347,  190). 

DihydraioDCS  or  Osaiones. — Glyoial   (p.  3:0),  methyl -gtfoxal  {p.  333), 
adikctonrs  and  the  o-isonitniso-Hcr:  tones,  when  treated  vilh  pbenylhydraiiDI 
l»a  molecules  of  water  and  fann:  diphenylhydnuoDcs  or  oaaiotiea.  which 
be    oblaincd  from  a  oxyaideiiydes,  a-oiyketones.  n-Bmrdoaldchydcs   and  ( 
ketones.     Tlie  osaiones  have  become  especially  importuii  for  the  chemistry  of 
aldopentoses.  and  the  aldo-  and  ketohexoses,    llie  oaamnel  are  onidiied  by  potassi 
chromale  and  acetic  acid  to  esetilratenis,  which  are  conrerted  by  hydrochloric  acid 
and  ferric  chloride  '  ' 


liiie,  loi^H 

i-amidrf^H 
tryof  ihli^H 
potassiani       I 


CH,C  =  N— NHC^H, 
CH/  =  N— NHCjH, 

Glyexal-BSMone.  C.l 
CH:N.N 


CH,C=N— NC.Hj 
1jl!:  =  N— ijC,H, 


Ferfn,     CH,C  =  N 

-55*ch/=n>'''=-"- 

Dlicel  rt-csMilazone. 


Dlacelyl-osolel] 

NHN:CH.CH:N.NHC«Hj,  melts  at  I7;«.     GfycxA^ 
melis  at  145°  (B.  17,  zooi ;    ai,  2753;    >6,  104^ 
I4f  P 


N.NC,H. 
Mftkyl-ghtial-mact^ni.  C,H.NH  .  N ;  CfCH.) .  CH  :  N .  NHC.H,,  melts 

»6,  SMJ),    Mtlkyl-glyoxat-enXitratone,  1      '      ■  ■,  *  ^      ,  melts  at  Io6°-I07"J 

CH,C  —  fJ    w    "^  "  1 

MelhylglyaxalasotHatttnt,  1      '     >NC,H„  boils  al  149-150"  (60mm.)  (B.  11 

2755).      Diattlyl-osawnt  (formula  above)  melts  with  decomposition  at  336"*  (B, 
31S4',  A.  349,  103).     Diacttyl-asolrlravmi  (formula  above)  melts  with  decmnp 
lion  at  169°.     £>iac€lyl-Bi<itniaaHe{loTm\i\a  above)  melts  at  35°  and  boils  at  255"  (1 
at,    2759).       a-Adlyl-prepiBnyUydraiBHt.    CHjC(  :  NNHC,H,lCO  .  C-H,.     f- 
acetyl-propionyl,  melts  nt  gfe-gS".      0-Actiylprii/>ienyi-iydrateHt,  CH,  .  (_0  .  C( 

NHC,H,)C,H5,  from  ethyl  acctoacclic  acid,  melts     '    -"' 

oiD^ni  melts  at  162°  (li.  ai,  1414;  A.  247,  3zt). 

The  i,3-diketone»  and  the  l.s-OKyinethylene  ketones  (p.  319)  utiile  with  hjdi 
pheoylhydraiine,  forming  pyrazolca  (see  these),  which  may  be  regarded 
'  -'     -       •  -'  'le 


dertvatives  of  the  1.3  ole^tic  ketols  (A.  179. 

N. 

hydraiine  yield  3-Melhylpyrajtole,  l| 


Acelonyl-acctone,  i 
foni.  melting  at  120", 


[.4-dikctone,  and  phei 
nd  phttiyltintii/o-iiiii 


CH 

ylhydra 


:  r,  g.,  oxymelhylene  aceloDC  ■] 
-NH 

I      (B.  27.  954). 
CH 


e  yield:  Actlenyl »t 


C\\:< 


-CH, 


ihyUfyrrel,  |         '>NNljaH..  ; 
CHtC— CH, 

It  270"'  (B,   18,  60;    32,    170). 

-Mllkyl-glyBXal-fhtHylkydyatoxmt,  CH,.C^  N(NHC4ty  .1 


I 

t 

I 


ALCOHOL-   OR   OXV-ACFDS. 

CH:NOH,  nieUme  "l  134°,  U  prepared  by  [he  actioo 
icetic  acid.      It  pans  readily  wilb  waler 

iolriaiDle.^^'h  ~     >NC,H,  {A.  a6l,  278). 


OH 


7.  ALCOHOL-  or  OXY-ACIDS.  C^H,„<|_.y  ^^ 

Acids  of  this  series  show  a  twofold  character  in  their  entire  deport- 
ment. Since  lliey  contain  a  carboxyl  group,  they  are  monobasic 
aeiils  with  all  the  attaching  properties  and  transpositions  of  the  latterj 
the  OH  group  linked  to  the  radical  bestows  upon  them  all  the 
properties  of  the  monokyilric  aUoJwls.  As  already  indicated  in  the 
introduction  to  the  dihydric  compounds,  these  alcohols  must  be  dis- 
tinguished as  primary,  secondary,  and  tertiary,  according  as  they  con- 
tain, in  addition  to  the  carboxyl  group,  the  group — CH,OH,  char- 
acteristic of  primary  alcohols,  the  radical  :^CHOH,  peculiar  to  the 
secondary  alcohols,  or  the  tertiary  alcohol  group  =C.  OH.  This 
difference  manifests  itself  in  the  deportment  of  these  bodies  when 
subjected  to  oxidation.  However,  the  manner  in  which  the  alcoholic 
hydroxyl  group  in  an  alcohol-acid  acts  upon  the  carboxyl  group 
present  in  the  same  molecule  depends  greatly  upon  the  position  of 
these  two  groups  with  reference  to  each  other.  It  is  just  this 
differentiating,  opposing  position  of  the  two  reactive  groujis  which 
induces  class  differences  of  a  distinctly  new  type,  which  are  there- 
fore made  prominent  because  the  oxidations  manifested  by  primary, 
secondary  and  tertiary  alcohols  are  already  known  to  us.  At 
present  they  are  mostly  termed  oxy-  or  hydroxy-fatty  acids,  because  of 
their  origin  from  the  fatty  acids  by  the  replacement  of  an  hydrogen 
alom  by  OH. 

The  '-Geneva  names"  are  fntmed  by  the  insenioo  of  the  sylUMe  "0I,"  cbarac- 
I  ttristic  flf  alcohols,  between  the  name  of  the  hydrocarbon  and  the  word  acid: 
[  CH,OH.  COOH,  o!<yaeelic  aaA.oi\flhancl acid\- 

Glycollic  and  ordinary  or  lactic  acid  ef  fermentation  are  the  best 
known  and  most  important  representatives. 

General  Methods gf  Formatiffn. — (i)  Careful  oxidation  («)  of  dipri- 
mary,  primary  secondary  and  primary  tertiary  glycols  with  dilute 
[,<nitric  acid,  or  platinum  sponge  and  air : 


-I-  H,0. 


jEHi-OH  CH,.OH      .,  „     CH,.CH.OH  C 

|CH,.0H  COnH  CHjOH 

■     Glycol  Glycollic  Acid  o-Piopj-leni;  Glieol  a-LncUc  Aciii. 

ib)  By  the  oxidation  of  oxyaldehydes. 

(a)  liie  action  of  nascent  hydrogen  (sodium  amalgam,  zinc  a 
I  hydrochloric  or  sulphuric  acid)  upon  the  aldehyde  acids,  the  ketoi 
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acids  (pyroracemic  acid,  CH, .  CO .  CO,H)  and  dicarboxylic  acids 
(oxalic  acid,  CO,H  .  CO,H)  : 

CH3 .  CO .  CO,H  -f  2H  =  CH,  .  CH(OH)  .  CO.H 
COOH  .  COOH  -I-  4H  =  COOH  .  CH,OH  +  H,0. 

This  reaction  has  been  repeatedly  used  in  preparing  /9-,  y-  and 
^-oxy- acids  from  ;9-,  y-  and  ^-ketone  carboxylic  esters. 

(3)  Some  fatty  acids  have  OH  directly  introduced  into  them.  This 
is  accomplished  by  oxidizing  them  with  KMn04  in  alkaline  solution. 

Only  acids  containing  the  tertiary  group  CH  (a  so-called  tertiary  H-sUom)  are 
adapted  to  this  kind  of  transposition  (R.  Meyer,  B.  xi,  1283,  1787;  xa,  2238;  A. 
ao8,  60 ;  aao,  56).     Nitric  acid  effects  the  same  as  MnO^K  (B.  X4«  1782;  x6,  2318). 

(4)  By  heating  unsaturated  fatty  acids  with  aqueous  caustic  potash  or 
soda  to  ICO*'  (A.  283,  50). 

(5)  The  transposition  of  the  monohalogen  fatty  acids  with  silver 
oxide,  boiling  alkalies,  or  even  water.  The  conditions  of  the  reaction 
are  perfectly  similar  to  those  observed  in  the  conversion  of  the  alkyl- 
ogens  into  alcohols. 

CH,C1 .  CO,H  +  H,0  =  CH,<^^  j^  -f  HCl. 

The  n-derivatives  yield  a-oxy-acids  ;  the  /3-derivatives  are  occasionally  changed  to 
unsaturated  acids  by  the  splittingof)  of  a  haloid  acid,  while  the  > -compounds  form 
7-oxy-acids,  which  subsequently  pass  into  lactones.  7-Halogen  acids  are  converted 
directly  into  lactones  by  the  alkaline  carbonates. 

(6)  By  the  action  of  nitrous  acid  upon  amido-acids: 

CH,(Nn,) .  CO3H  -[-  N0,H  =  CH,(OH) .  CO,H  -f  N,  -f-  H,0. 
Amido-acctic  Acid  Oxyacetic  Acid. 

(7)  The  oxy  acids  can  be  obtained  from  the  diazo- fatty  acids,  on 
boiling  them  with  water  or  dilute  acids. 

(8)  Fn.)!!!  the  a  keton-alcohols — e.  g  ,  butyroin  and  isovaleroin  (p. 
317) — on  treating  them  with  alkalies  and  air. 

N'ucIeuS'Syniheiic  Methods  of  Formation. — (9)  By  allowing  hydrocy- 
anic acid  and  hydrochloric  acid  to  act  upon  the  aldehydes  and  ketones. 
At  first  oxycyanides,  the  nitriles  of  oxy-acids  (see  these),  are  produced, 
after  which  hydrochloric  acid  changes  the  cyanogen  group  into  car- 
box  yl  : 

1.  Phase:  CH3.  CHO  +  NCH  =  CH3.  CH<^]|J 

2.  Phase  :    Cllg .  CH<^^  -f  2Wf>  =  CII3 .  CH<^^ ^j  +  NH,. 

a-Oxypropionic  Acid. 

In  preparing  the  oxycyanides,  the  aldehydes  or  ketones  are  treated  with  pure  hy- 
drocyan'ic  acid,  or  we  can  add  pulverized  {K>tassium  cyanide  to  the  ethereal  solution 
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I  of  ibe  ketone,  aad  (ollow  il  with  Ihe  gradual  addition  of  concentrated  hydrocbioric 
icid  (It.  14,  196;!  ij.  2ji8],  Tbe  con  cent  rated  hyilrochloric  acid  changes  ihe 
cyanides  to  acids,  ihe  amides  oS  the  acids  being  at  fmt  formed  in  the  cold,  but  on 
boiling  willi  more  dilute  acid  ihejr  sustain  further  L'hnnge  to  acids.     Sometimes  the 

'    change  occurs  more  readily  by  heating  wilb  a  lillle  dilute  sulpbaric  acid,     Elhy- 

'    kne  onidc  beliaves  like  acetaldehyde  with  prussic  acid. 

(10}  The  glycol   chlorhydrins  (p.  302)  undergo  a  like  alteralion 
through  the  action  of  potassium  cyanide  and  acids ; 


(ii)  A  method  of  ready  applicability  in  the  synthesis  of  oxyacids 
:onsists  in  permitting  zinc  and  alkyl  iodides  to  act  upon  diethyl 
oxalic  ester  (Frankland  and  Duppa).  This  reaction  is  like  that  in 
'  the  formation  of  tertiary  alcohols  from  the  acid  chlorides  by  means 
of  zinc  ethyl,  or  of  the  secondary  alcohols  from  formic  esters  (p.  114) 
1  and  a  alkyl  groups  are  introduced  into  one  carboxyl  group 
(A.  185,  184):  • 


,         ,O.C,H,    ZnfCH,), 
I  ^O.ZnCH, 
CO,C,H. 


CO,C,H, 

OmIic  Ealei 


we  employ  two  alkyl  iodides,  two  different  aikyls  may  be  intro- 
duced. 

The  Hcids  obtained,  as  indicated,  are  named  in  accordance  with  their  derivatioD 
from  oxalic  acid,  but  it  would  be  more  correct  to  view  them  as  derivatives  of  oxy. 
■CMic  acid  or  glycollie  acid,  CH,(OH) .  CO,H.  and  designate,  cj .,  dimethyl  oxalic 
acid,  ns  dimethyl-oxyacetic  acid. 

(iz)  When  sodium  or  sodium  elhylate  acts  upon  the  acetic  esters  and  propionic 

esters  il  converts  them  into  ^-ketone  carbosylie  esters,  but  in  ihe  case  of  butyric  and 

[   iiobutyric  esters  it  produces  the  ether  esters  of  /?-oxy-acids.  such  as  rtkoiyiafrylii 

iiltr,  (CH,),CH  .  CH(OC,H,) .  C(CH,), .  CO, .  C,H,.  frt>ra  isobulyiic  ester  (A.  149. 

'    54)- 

SiatlinMt  in  vi/lkli  Groups  are  Split  aff.—iii)  The  fatty  acids  are  formed  from 
alkyl-malonic  acids.  CKR'(CO,R)„  by  the  withdrawal  of  a  carboxyl  group  (p.  141), 
and  the  oxy-fslty  acids  are  obtained  in  a  similar  manner  from  alkyl  oxymolonic  acids 
or  tutronic  acids: 

CR(OH)<:™»|{  =  CRH(OH) .  co.ir  +  co,. 

Alkyl-tsrtionrc  Acid  Alkjl-oiy-acciic  Acid. 

The  tortronie  componnds  are  synthetical ly  prepared  from  malonic  icid  esters,  f.  g. , 
'-■^^•'^CO' '  c'h""  ^^  ''"'  '"'"'^'"^'"E  'he  alkyl  groiip  (*ee  mnlonic  acid),  then 
replacing  the  second  hydrogen  of  CH,  by  chlorine,  and  finally  saponifying  the  olkylic 
monochlor-malonic  ester  with  baryta  (B.  14,  619). 

Isomerism. — The  possible  cases  of  isomerism  with  the  oxyacids  are 
(  most  simply  deduced  by  considering  the  oxy-acids  as  the  mono-h^sdid-k-iV 
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substitution  products  of  the  fatty  acids.  Then  the  isomerides  are  the 
same  as  the  mono- halogen  fatty  acids,  which  may  be  regarded  as  the 
haloid  esters  of  the  alcoholic  acids  corresponding  to  them. 

Oxyacetic  or  glycollic  acid  is  the  only  acid  which  can  be  obtained  from  acetic 
acid : 

CH, .  COOH  CH,OH  .  COOH 

Acetic  Acid  Glycollic  Acid  (p.  334). 

Propionic  acid  yields  two  oxypropionic  acids : 

CH3 .  CII, .  COOH        CH, .  CH(OH) .  COOH        CH,(OH) .  CH^.  COOH 
Propionic  Acid  a-Oxypropionic  Acid  p-Ozypropionic  Acid 

ord.  Lactic  Acid  (p.  335)  Hydracrylic  Acid  (p.  341). 

These  are  distinguished  as  a-  and  /3-oxypropionic  acids  respectively.  The  a-acid 
contains  an  asymmetric  carbon  atom.  Theoretically,  it  should  yield  an  inactive 
variety,  which  can  be  decomposed,  and  two  optically  active  modifications.  These, 
in  fact,  exist. 

Normal  butyric  acid  yields  three  and  isobutyric  acid  two  mono-carboxylic  acids : 

CHj.CHj.CHjCOjH     CH3.CH,.CH(OH).CO,H   o-Oxybutyric  Acid  (p.  337) 
n-Butyiic  Acid  CH3.CH(OH).CH,.CO,H   /?-Oxybutyric  Acid  (p.  342) 

CHjOH.CH,.CH,.COOH    yOxybutyric^cid  (p.  342) 

^„  )::„»>C(OH).CO,H  .    .      o-Oxyisobutyric  Acid  (p.  337) 

^"s>CH.CO,H  ^{:j» 

Isobutyric  Acid.      HOCh'>^"-^^»"      '    *    *     ^"Oxyisobutyric  Add  (unknown). 

These  alcohol -acids  are  themselves  divided  into — 
Primary  aciiis  :  Glycollic  acid,  hydracrylic  acid,  y-oxybutjrric  acid,  /3-oxyisobutyric 

acid. 
Secondary  acids  :  a  Oxypropionic  acid,  a-oxybutyric  acid. 
Tertiary  acids  :  a-Oxyisobutyric  acid. 

Properties. — The  oxy- fatty  acids  containing  one  OH  group  are,  in 
coiise(|iience,  more  readily  soluble  in  water,  and  less  soluble  in  ether 
than  the  parent  acids  (p.  245).  They  are  less  volatile  and,  as  a 
general  thing,  can  not  be  distilled  without  undergoing  a  change. 

Deportment. — ( i )  The  alcohol-acids  behave  like  the  mono-carboxylic 
acids,  in  that  like  these  they  yield,  through  a  change  in  the  carboxyl 
group,  normal  salts,  esters,  amides  and  nitriles: 

COOK  COOCjHj  CONH,  CN 

iiijOK  c^H^oH  iHjOH  (!:h,oh. 

(2)  The  remaining  OH-group  deports  itself  like  that  of  the  alco- 
hols. Alkali  metals  and  alkyls  may  replace  its  hydrogen.  Acid 
radicals  and  NO^^  are  substituted  for  it  by  the  action  of  chlorides  of 
monobasic  acid  radicals  (like  CjHjO .  CI),  and  a  mixture  of  concen- 
trated nitric  and  sulphuric  acids: 

rxj  ^O.  C,H,0       1  r-  w  ^O  .  NO- 

^^"*<CO,H   "     ^"^  ^^"*<C0,H.' 

Aceto-Iactic  Acid  Nitro-lactic  Acid. 

Both  of  these  reactions  are  characteristic  of  the  hydroxyl  groups  of 
/^f  akohols  (p.  303). 
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(3)  PClj  replaces  the  two  liydroxyl  groups  by  chlorine*. 

'^"><co .  OH  +  '^^t  =  '^".<co .  a  +  ^^'=''  +  ^"^■'■ 

Clvcallic  Acid  GlycolyJ  Cliloride,  01 

Ctaloricctyl  Cbloridc. 

The  acid  chlorides  corresponding  to  (he  oxy-acids  are  not  known. 
Instead  of  these  we  get  the  chlorides  of  the  corresponding  mono- 
chlor  fatty  acids,  in  which  the  chlorine  in  union  with  CO  is  very 
reactive  with  water  and  alcohols,  yielding  free  acids  and  their  esters  ; 
in  the  case  cited,  monochior-acetic  acid,  CH,C1 .  CO,H,  and  its  eaters 
restilt.  The  remaining  chlorine  atom  Is,  on  the  contrary,  more  firmly 
united,  as  in  ethyl  chloride. 

tin  addition  to  ethyl  glycollic  ester  there  are  ethyl  glycoUic  acid  and 
ethyl  etho-glycotlic  ester ; 
\    Alkalies  cause  the  alkyl  combined  with  CO,  to  separate,  forming 
ethyl  gl)fcollic  acid. 

(4)  The  oxy-acids  are  reduced  'to  their  corresponding  fatty  acids 
(p.  140)  when  they  are  heated  with  hydriodic  acid. 

(5)  While  in  the  preceding  transpositions  all  the  oxy-acids  react 

I'milarly,  the   primary,  secondary   and    tertiary  alcohol  acids   show 
arked  differences  when  they  are  oxidized, 
(a)  The  primary  oxy  acids  yield,  by  oxidation,  aldehyde  acids: 
CH,.OH  *      CHO  CO.  OH 

to,  OH  *""■'"       to.  OH     "^      (lo.OH. 

Glr^olLlc  Acid  Glyoiyllc  Acid  Oulic  Acid. 

(rf)  The  secondary  oxy-acids  yield  ketonic  acids:  the  n-ketonic 
acids  change  to  aldehyde  and  CO,,  the  ^-ketonic  acids  lo  ketones 
and  COji 

co,n  co,H  CO, 


^"><CO,.C,H,  ''">^CO,H  "-"'^CO-.C-H,, 

Ethyl  ClycDllic  Elhyl  Giycallic  £lliyl  Elta<>.Elyc<illii 


CH, .  CHOH  CHjCO  CH, .  CHO. 

,  {e)  Tertiary  a- oxy-acids  yield  ketones  : 

^"'>C{OH) .  COjH  -f  O  =  ch'>CO  +  CO,  +  H,0. 


\ 


Anotber  alteration  is  susUiocd  b;  ibe  o-oxj-acids  at  Ibc  si 
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does  not  extend  far.  Water  is  eliminated  and  unsaturated  acids  are  produced. 
This  change  is  easily  effected  when  PCI,  is  allowed  to  act  on  the  esters  of  a-oxy- 
acids  (p.  277). 

(7)  Especially  interesting  is  the  deportment  of  the  a-,  /3-,  y,-  or  J  oxy-acids  in 
respect  to  the  exit  of  water  from  carboxyl  and  alcoholic  hydroxy!  groups. 

(a)  The  a-oxy -acids  lose  water  when  they  are  heated  and  become  cyclic  double 
esters — the  lactides — in  the  formation  of  which  two  molecules  of  the  a-oxy-acid 
have  taken  part : 

COOH  HO.CH.CH,  _  CO.O.CH.CH, 

CH^driiOH   "^     Hoio         ~  CHjCHO— io         +  ^  «  • 

a-Oxypropionic  Acid  or  Lactic  Acid  Lactide. 

{b)  When  the  ^-oxy-acids  are  heated  alone,  water  is  withdrawn  and  unsaturated 
acids  are  the  products  (p.  277) : 

CH,(OH) .  CH,  .  CO,H  =  CH, :  CH  .  CO,H  +  H,0. 
/3-Oxypropionic  Acid  Acrylic  Acid. 

Hydracrylic  Acid 

(r)  The  y-  and  doxy  acids  lose  water  at  the  ordinary  temperature, 
and  change  more  or  less  completely  into  simple  cyclic  esters — the  y- 

and  ^-lactones. 

The  rt-,  *?-,  )-  and  ti-amido-carboxylic  acids  corresponding  to  the  a-,  /?-,  y-,  and 
c^-oxy-acids  show  difTerences  similar  to  those  manifested  by  the  latter. 


STRUCTURE  OF  NORMAL  CARBON  CHAINS  AND  THE  FORMATION  OF 

LACTONES. 

The  peculiar  difTerences  in  the  deportment  of  the  Q-,  /?-,  y-  and  d-oxy-acids  when 
they  split  otT  water  have  contributed  to  the  development  of  a  representation  of  the 
spacial  arrangement  or  configuration  of  carbon  chains  (B.  15,  630).  The  assump- 
tion that  the  atoms  of  a  molecule  not  linked  to  each  other  in  a  formula  can  exert 
an  affinity  upon  one  another  has  led  to  the  idea  that,  in  a  union  of  more  than 
two  C  atom^,  these  atoms  arrange  themselves  not  in  a  straight  line,  but  upon  a 
curve.  We  can  then  comprehend  that  cyclic,  simple  ester  formation  can  not  take 
place  between  the  first  and  second  carbon  atoms,  rarely  between  the  second  and  third 
(in  aromatic  oxy  acids),  and  readily  between  the  first  and  fourth  or  first  and  fifth 
carbon  atoms,  which  have  approached  so  near  to  each  other  that  an  oxygen  atom  is 
capai>le  of  bringing  about  a  closed  ring  (see  ethylene  oxide,  p.  298,  and  tri -methylene 
oxide,  p.  299,  as  well  as  the  strain  theory  of  v.  Baeyer  in  the  introduction  to  the 
carbocyclic  derivatives). 


A.  SATURATED  OXYMONO-CARBOXYLIC  ACIDS,  OXYPARAFFIN  MONO-CAR- 

BOXYLIC  ACIDS,  a  OXY-ACIDS. 

( I )  GlycoUic  Acid,  Oxy-acetic  Acid  [Ethanol  Acid],  CH, .  OH  .- 
COOH,  melting  at  80^,  occurs  in  unripe  grapes  and  in  the  leaves  of 
Ampelopsis  hederacea. 

History. — Glycollic  acid  was  first  obtained  in  1848  by  Strecker  from  amidoacetic 

acid  or  glycocoll — hence  the  name — according  to  the  sixth  method  of  formation 

(p.  330).      In   1856  Debus  discovered  it  together  with  glyoxal  and  glyoxylic  acid 

among  the  oxidation  products  obtained  from  ethyl  alcohol  by  the  action  of  nitric 
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r  icid.  Vi'anr.  ID  1857  observed  ils  fomialioii  in  ihe  oiidmioii  of  tthyitne  gfyceft  «in! 
F  Kekul£  in  1858  sbuwed  how  it  cuuJd  be  made  by  lioiling  a  solution  of  polassium 
I   cbloniceU(e  (A.  105,  2S6  -,  comfore  B.  16,  3414  ;  A.  aoo,  75  ;   B.  ifi,  R.  6D6f. 

Il  is  also  produced  by  the  action  of  caustic  potash  (p.  320)  on 
gfyoxai,  by  the  reduction  of  oxalic  acid  (second  method  of  formation, 
p.  329),  and  from  diasoacetic  ester  hy  i\\&  seventh  method  of  forma- 
tion. Its  nitrile  results  when  prussic  acid  acts  upon  formaldehyde 
(ninth  method),  and  is  converted  by  hydrochloric  acid  into  glycollic 
acid.  It  also  appears  in  the  oxidation  of  glycerol  and  glucoses  by 
Eilver  oxide. 

Glycollic  acid  crystallizes  from  acetone.  It  is  very  soluble  in  water 
and  alcohol.  Diglycollide  and  polyglycollide  (p.  339)  are  produced 
when  it  is  heated.     Nitric  acid  oxidises  il  to  oxalic  acid. 

CalciumSall.  (CH,OHCO,),Ca+3H,0.  Ethyl  Ester,  CH.OH.CO,- 
C,Ht,  boils  at  160°. 

(3)  Lactic  Acid  of  Fermentation,  u-Oxyprojiionic  Acid,  Ethi- 
dene  Lactic  Acid,  [d+1]  Lactic  Acid  [a-Propanol  Acid],  CH.CH. 
COH)CO,H,  melting  at  18=  and  boiling  at  120°  (12  mm.)  (B.  a8, 
2597),  is  isomeric  with  ^oxypropionic  acid,  hydriicrylic  acid,  or  [3- 
propanol  acid]  CH.OH  .  CH.CO.H,  which  will  be  discussed  later  as 
the  first  /9-oxy-acid. 

Lactic  Acid  is  formed  by  a  peculiar  fermentation,  the  lactic  acid 
fermeiilalion  of  milk-sugar,  cane-sugar,  gum  and  starch.  It  is,  there- 
fore, contained  in  many  substances  which  have  soured, — e.  g.,  in  sour 
milk,  in  sour-kraut,  pickles,  also  in  the  gastric  juice. 

Methoiis  of  Formation. — The  acid  is  artificially  prepared  by  the 
methods  already  descrilied:  (i)  from  a  propylene  glycol;  (s)  from 
pyroraceraic  acid;  (5)from  a-chlor- or  brora-propionicacid  ;  (6)  from 
alanine;  (g)  from  acetaldehyde  and  prussic  acid;  (13)  by  heating 
isomalic  acid,  CH,C(OH)(COOH),  (B.  a6,  R.  7). 


I 
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Lactic  Acid  FtrmenialioH. — This  femieiitation  is  induced  in  sugar  sot ulioni  by  ■ 
peculiar  ferment,  the  lairtic  acid  bacillus,  which  is  present  in  decaying  cbee.se.  It 
proceeds  most  rapidly  aX  lemperalures  ranging  from  35-45°,  Il  is  nolewoilhy  that 
the  bacillus  alluded  to  is  vety  sensitive  to  free  acid.  The  fermentation  is  arrested 
when  sufficient  lactic  acid  is  produced,  but  is  again  renewed  when  the  acid  is  neu- 
Italiied.  Therefore,  tine  or  calcium  carbonate  is  ulded  al  liie  lery  beginning,  and 
the  lactic  acid  Ihiu  obtained,  either  as  the  calcium  or  line  salt.  Should  the  ferinen- 
iBtioD  continue  for  some  time  the  lactic  will  pass  into  butyric  fermentation,  Ihe  insol- 
uble calcium  lactate  will  disappear,  and  the  solution  will  at  last  contain  calcium 
bntyrale  (compere  n-bulyric  acid,  p.  247). 

History. — .Scheele  discovered  (1780)  lactic  acid  in  sonr  inilli.  In  1847  Liebig 
demonstrated  that  rhe  sarcolaclic  acid  found  by  Derzeliut  (iSott)  in  the  juices  of 
the  muscles  was  dilTerenl  from  Ihe  lactic  acid  of  fermentalion,  WQrlE  (1858) 
described  the  formation  of  fermentation  lactic  acid  from  a-propylene  glycol  and  air  in 
the  presence  of  plalionm  black,  and  recognized  thai  it  was  a  dibasic  acid.  Kolbe 
(1859)  obtained  ladyl  chloride  by  the  action  of  PCIj,  upon  calcium  lactate.  This 
body  is  identical  with  chlorpropionyl  chloride,  and  lactic  acid  is  thercbi^  numt^iunc. 
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and  must  be  considered  as  oxypropionic  acid.  Later  (1S60)  WUrtz  called  it  a  di- 
atomic, monobasic  acid,  meaning  to  indicate  thereby  that  one  of  the  two  tjrpical 
hydrogen  atoms  is  more  basic  than  the  other.  The  declaration  of  Kekul^  that 
lactic  acid  is  both  an  acid  and  an  alcohol  (B.  ao,  R.  948)  is  more  to  the  point. 
Strecker  was  the  first  to  synthesize  the  acid  from  synthetic  amido-lactic  acid  or  ala- 
nine, which  had  also  been  prepared  by  him  through  the  interaction  of  pnissic  acid 
and  aldehyde  ammonia. 

Fermentation  lactic  acid  is  a  syrup  soluble  in  water,  alcohol  and 
ether.  It  is  optically  inactive.  Placed  in  a  desiccator  over  sul- 
phuric acid,  it  partially  decomposes  into  water  and  its  anhydride. 
When  distilled  it  yields  lactide,  aldehyde,  carbon  monoxide  and 
water. 

Heated  to  130°  with  dilute  sulphuric  acid,  it  decomposes  into  alde- 
hyde and  formic  acid ;  when  oxidized  with  KMnOi  it  yields  pyro- 
racemic  acid,  while  with  chromic  acid  acetic  acid  and  carbon 
dioxide  are  formed.  Heated  with  hydrobromic  acid,  it  changes  to 
a  brompropionic  acid. 

Hydriodic  acid  at  once  reduces  it  to  propionic  acid,  and  PClj 
changes  it  into  chlorpropionyl  chloride. 

Lactates. — The  sodium  salt^  CjH^OjNa,  is  an  amorphous  mass.  When  heated 
with  metallic  sodium,  we  get  the  disodium  compound  : 

^"3  •  ^"  <C6,  .  Na- 

The  Ciiliium  salt,  (CgHjOj^^Ca  -f  SH^O,  is  soluble  in  ten  parts  of  cold  water,  and 
is  very  readily  dissolved  by  hot  water. 

The  zinc  salt,  [y ^\.Pj)^.x\  -f  3H2O,  dissolves  in  58  parts  of  cold  and  6  parts  hot 
water.     The  iron  salt,  (CjH^Oj)^  Fe  -j-  3H2O. 

The  Optically  Active  Lactic  Acids. 

The  opticallv  inactive,  fermentation  lactic  acid  contains  an  asym- 

metric  carbon  atom  indicated  in  the  formula  CH, .  CH  .  OH.  CO,H 
by  the  small  star.  The  acid  can  be  resolved  by  strychnine  into  two  op- 
tically active  components, — dextrolactic  acid  and  laevolactic  acid, — 
with  similar  but  opposite  rotatory  [)ower.  The  strychnine  salt  of  the 
IjEvo  aciil  crystallizes  out  first  (H.  25,  R.  794).  Therefore,  in  the  follow- 
ing i)a.i;es  those  substances  will  be  called  optically  inactive  which  can 
be  resolved  into  or  formed  from  two  optically  active  isomerides,  called 
'ii-\-  /]  modifications.  On  mixing  solutions  of  equal  quantities  of 
aevo-  and  dextrolactate  of  zinc,  the  zinc  salt  of  fermentation  lactic 
acid  will  be  j)r()duccd,  and,  being  more  insoluble,  will  crystallize  out. 
The  dextro-  modification  will  remain,  if  Penicillium  glaucum  is  per- 
mitted to  grow  in  the  solution  of  inactive  ammonium  lactate  (B.  16, 
2720).  The  laevo-rotatory  modification  is  produced  in  the  breaking 
down  of  a  cane-sugar  solution  by  Bacillus  acidi  lavolactici  (B.  34,  R. 
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Sarcolsctic  Acid,  DextrolactU  Acid,  ParalactU  Acid,  discovered 
in  1808  by  Ikizelius  in  the  juice  of  ihe  muscles,  and  shown  by 
Liebig  (1848)  to  be  different  from  the  lactic  acid  of  fermeniaiion, 
is  present  in  different  anima!  organs.  It  is  most  conveniently  obtained 
'rom  Liebig's  beef-extract. 

Dextro-  and  laevo- lactates  of  zinc  crystallize  with  two  molecules  of 
'  water— (C,HjOj),Zn  +  zH,0.     For  other  salts  consult  B.  29,  R.  899. 

Kofoologous  a-Oxy'Scids.— Tbe  homologous  a-oiy-acids  are,  from  ihe  verr 
naiurc  of  things,  either  secondary  or  terlinry  alcohol  acids.  GlycollicRcid  U  the  only 
primary  a-alcohol  acid,  (a)  The  stcandary  alcohol  acids  are  generally  formed  (l) 
iram  Ibe  correspondrng  ahalogen  fatty  acids  |me[hod  5);  (2)  aucltHs-tyntAelic, 
from  aldehydes  and  pms&ic  acid,  and  subsequent  saponification  of  the  nitriles  of  the 
Oiy-acidsby  means  of  hydrochloric  acid  (melbod  9).     {*)  The  ttrtiary  exy-ands  nsa\i 

(1)  From  the  oxidation  of  dintkyl -acetic  acid  (general  method  3). 

(z)  Upon  treating  a-ke[one  alct^olswilb  Dlkaties  and  air  (method  8,  p.  330). 

(3)  By  the  action  of  prussic  acid  and  hydrochloric  acid  upon  ketones  (method 
9) 

(4I  When  zinc  ftnd  alkyi  iodides  react  with  oxalic  ester  (method  11,  p.  331), 

Osybutyric  Acids.^Fourof  the  five  possible  isomerides  are  known;  two  of  these 
■re  fl-oiy-acids  r  (I)  aOiyiutyric  Acid,  CH,.  CH,  .  CH(OH)CO,H.  meWng  at  43". 
has  been  resolved  by  bnicine  into  its  optically  active  components  (B.  M,  R.  278,  325, 
725).  (i)  a-Oxyisoiutyrie  Aiid,  Butyi-laclinic  Acid.  Acetonic  Acid.  Diioethyi-oiHlic 
Acid  [a-Metby]-a-propanoI  Acidl.  (CH5l,C(OH)COOH,  melting  at  jg"  and  boiling 
al  Xlt°,  is  obtained  from  dimeUiyl -acetic  acid,  from  acetone  and  from  oxalic  ester 
(see  above);  hence  the  names  acetonic  acid  and  dimethyl -osalic  acid.  It  is  produced 
when  /^-isoamylene  glycol  is  oxidised  by  nitric  acid,  and  is  obtained  from  a-brom-and 
a-amidobu lyric  acid,  as  well  as  from  acetone  chlotoform. 

Acetone  Chlorotbrm,  {frH,],C<xi.  ,  liquid  modificaiion,  boiling  at  170°.  the 
lolid  modification  (-4-t^H,0)  melting  at  7r)°  and  boiling  at  167°,  is  aremarkable 
derivative  of  a  oiyisobutyric  acid.  It  is  the  chloride  of  orlho-n-osyisobulyric  acid 
(p.  3x4),  which  bears  Ihc  same  relation  toa-oxyisobutyricacidas  chlaroform  to  formic 
■cid.  It  is  converted  by  aqueous  alkalies  into  a-oxyisobulyric  acid.  Dy  the  action 
of  cfaloroform  and  caustic  potash  the  liquid  modification  is  firsi  produced,  wbicb  takes 
up  water  in  moist  air  and  changes  to  the  solid  variety  (Willgerodt,  B.  10,  3445  ;  xg, 
R.  908). 


a  Oxyvaleric  Acids : 

o-Oxy-n-valeric  Acid,  CHj . CH, .  CH, .  CH(OH) .  CO.H,  mcUs  «l  aS-ag"  (B. 
18.  R.  79)' 

Q-OxyiBovaleric  Acid,  (CH,),.  CH.  CH(OH)  .CO,H.  melts  at  86'  (A.  aoj, 

28;  B.  a,  296). 

Methyl-ethyl  GlycolHc  Add,  '^^  >C{Oll} .  CO,H  (A.  304,  18). 

0«yc«proic  Acids.  C,H.,0,  =?,rf„(OH) .  CO.H. 

a  Oxycaproic  Acid,  CH, ,  (CH,),,  CH(OH) .  CO,H,  Is  probably  the  Bo-calied 


It  melts 


L 


scld.  olitained  from  leucine  by  the 
(Strecker,  1848). 

aOiyisBbutyl-aciHc  ^rtrf,  (CH,),CH .  CH,CH(OH)COjH,  melting  at  54°.  is 
obtained  from  inactive  a-amidoisobutyl-acetic  acid,  or  Isoleucme  (B.  a6,  56).  a  Oxy- 
diilhyl-acitic  Acid,  Diethyl-oxalic  Acid.  (C,H.),C(OHlCt>,H.  melts  at  80"  (A.  aoo, 
ai).  a-Oxylrrtieryfm/yl-aatic  Acid,  (CH,),t:  .  CH(OHjCO,H,  by  the  reduction  of 
Irimetbyt-pyrorscemic  acid,  melts  at  87°  (see  [his). 
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a-Oxycaprylic  Acids,  a-OxyncapryKc  Acid,  CH,(CH,)jCH(OH)CX),H,  from 
oenanthol,  melts  at  69.5®.  Di-n-propyl  Gfycollu  Acid,  a-Oxy-din-propyl-acetic 
AciJ,  (CsIl,),C(OH).CO,H,from  butyroin  (p.  317),  melts  at  72°  (B.  24,  1273). 
Di-isopropyl  Oxalic  Acid,  aOxy-di-isopropyl-acetic  Acid,(C,H-),C(OH)CO,H,  melts 
at  III*  (B.  28,  2463).  LH'isobutyl  Glycoltic  Acid  (C fi^)j!l\fyVl)Qb fi.,  mftXxs  9!i 
114°. 

a-Brora-fatty  acids  have  yielded  the  following:  a-oxymyristic  acid.  C|,ll|,(OH)  •' 
CO,H,  melting  at  5i<»  (B.  22,  1747);  a-Oxypalmitu  Acid,  Q^yJ^QlS!)QO^, 
melting  at  82°  (B.  24,  939) ;  a-  Oxystearic  Acid,  Cy^}l^(0}l)CO^li,  melting  at  84-S60 
(B.  24.  2388). 

In  the  following  pages  those  a-oxy-acid  derivatives  will  be  described  which  belong 
to  glycol  lie  and  lactic  acids. 

Alkyl  Derivatives  of  the  o-Oxy-acids. 

A  single  a-oxyacid  yields  three  kinds  of  alkyl  derivatives:  ethers^  esters  and 

ether-esters  : 


COOH 

1 

COOH 
1 

COOCjHj 

COOC,H5 

CHjOH 

CH,  .  0 .  CjHj 

iHjOH 

(in, .  0 .  c,H, 

GlycoUic 
Acid 

Ethyl  GlycoUic 
Acid 

GlycoUic  Ethyl 
Ester 

Ethyl  Glycollic 
Ethyl  Ester. 

(i)  The  alkyl  ethers  of  the  a-oxy-acids  are  obtained  (l)  by  the  action  of  sodium 
alcoholates  upon  salts  of  the  a-halogen  substitution  products  of  the  fatty  acids;  (2) 
by  the  saj^onitication  of  the  dialkyl-ether  esters  of  the  a-oxy-aci^s. 

Methyl-ether  Glycollic  Acid,  CHgOCH,  •  COOH,  boils  at  198°.  Ethyl  Glycollic 
Acid  boils  at  206-207°.  a- Ethoxy I- propionic  Acid,  CH,CH(OC,Il5) .  CO,H,  boils 
with  partial  decomposition  from  195-198°. 

(2)  Alkyl  Esters  of  the  a-oxy-acids  result  (i)  on  heating  the  free  acids  with  abso- 
lute alcohol;  (2)  when  the  cyclic  double  esters,  the  lactides,  are  heated  with  alcohols. 
Glvcollic  Methyl  Ester,  CH,(OH)COOCH3,  boils  at  151°.  Glycollic  Ethyl  Ester 
boils  at  160°.  '  Lactic  Methyl  Ester,  CH3CH(0H)C0,CH„  boils  at  145°.  Lactic 
Ethyl  Ester  boils  at  154.5°. 

(3)  The  dialkyl-ether  esters  of  the  a-oxy-acids  are  produced  (l)  when  sodium  alco- 
holates act  upon  the  esters  of  a-halogen  fatty  acids ;  (2)  by  the  interaction  of  alkyl- 
ogens  and  the  sodium  derivatives  of  the  alkyl  esters  of  the  a-oxy-acids. 

Methyl  Glycollic  Methyl  Ester,  CHjlOCHj) .  COOCH3,  boils  at  I270. 

Ethyl  Ester  boils  at  131°. 

Etlivl  Glvcollic  Methyl  Ester,  CHj(0 .  C2ll5)CO  .  OCH3,  boils  at  148°.  Ethyl 
Glvcollic  Et'hvl  Ester  boils  at  152°  (B.  17,  486).  Methyl  Lactic  Methyl  Ester,  CH,- 
CII(()(Il3K'(>OCH,,  boils  at  135-138°.  Ethyl  ester  boils  at  135.5**.  Ethyl  Lactic 
Ethyl  Ester,  CH3 .  CH(0C,n5) .  COOC^Hj,  boils  at  155°  (A.  197,  21). 

Anhydride  Formation  of  the  a-Oxy-acids. 

The  ethers  of  the  alcohols  may  be  considered  as  their  anhydrides, 
for  they  sustain  the  same  relation  to  the  alcohols  as  the  anhydrides  of 
tlie  mono-carboxylic  acids  bear  to  the  latter.  When  in  the  an- 
hydride formation  one  molecule  of  an  alcohol  and  a  molecule  of  a 
carl)oxylic  acid  combine,  the  product  is  an  ester.  As  the  a-alcohol 
acids  exhibit  both  the  character  of  a  carboxylic  acid  and  that  of  an 
alcohol,  it  is  possible  to  have  all  these  varieties  of  anhydride  forma- 
tions occurring  with  an  a-oxy-acid.  Glycollic  acid  has  been  most 
thoroughly  studied  in  this  direction. 


ANHVDRIDES.      LACl'IDES. 


'■  ^^CH*  COOH  A'^ol'o'  "nhydride  of  glycollic  acid 
2.  HO  Clim-^'^  Gifcollic  anhydtide  U  not  kQown. 
3-  '-'<CH.CO>'^ 


ClyioUidtf  \ 


Alcohol-    and    acid  anhydcide    ot  gljcoUi 
Anhydride. 

*■  HO  co'^l  >^  '^°  **■"■  "**  ■  f^'y^'o-s'yt^'"  -<"^- 

5'  ^<^^^n>'^       Closed,  cyclic   double   esier  of  glycoUic 
■  simplest  Laclide. 

DiglycoUic  Acid,  C,R,Oj,  the  alcohol  anhydride  of  glycollic  acjd  is  formed 
on  boiling  monochloracelic  acid  with  lime,  baryta,  magnesia,  nr  lead  oiide  (alwi 
with  glycollic  acid),  and  in  the  oiidation  of  diethylene  glycol,  0<^||'  '  ^{}'  '  q[[ 
(p.  3i)S),  UiglycoUic  acid  eryslalliies  with  water  in  large  rhombic  prisms,  wbicli 
melt  at  148°. 

DiglycoUic  Anhydride,  0<V'u*rn^'-'-  melting  at  97°  and  boiling  at  140°,  is 
iscimcric  with  glycoUide.  It  is  obtained  from  glycollic  acid  by  a  simultaneous  alcobol- 
anbydiide  and  scid-anhydride  fonnation.  It  ^so  results  upon  beatiog  diglycollic  acid, 
or  by  boiling  it  with  acetyl  chloride  (A.  073,  64). 

DilactyHc  AciJ,  0(CM, .  CH .  COOH),,  has  received  little  attention.  | 

C/triNlfc-jynrf/icioy.  CH,(OH).COOCH,COOH,  generally  termed  glycollic  anhy-.' 
dride,  and  LarlylolaclU  ,*nir,  CH,CH(OH(COOCH(CH,)COOH,  commonly  called' 
lactic  anhydride,  have  dqI  been  well  studied.  Tliey  are  produced  when  ihe  fre«; 
D'OiyBcidi  are  heated  to  100°.  I'hcy  constitute  intennediate  steps  ia  the  tactidftj 
fonnntion  (B.  23,  R.  335). 

Q-Ozy  acids. 
^if.|,  ^O,  melting  at  86°,  is  produced  when  polyglycollide  i 
distilled  under  greatly  redoced  pressure.     When  healed  at  the  ordinary  pressure,  c 
it  preserted,  it  rererts  to  polyglycollide,  from  which  it  diflers  by  its  lower  melting 
point  and  ready  salubililj  in  chloroform.     It  combines  readily  with  water  (A.  379, 

Polyglycvllide,  (C,ILO,)x,  melting  at  213'',  is  formed  on  heating  glycollic  acid, 
and  when  dry  sodium  chloracelate  is  heated  alone  to  150°.  It  passes  into  glycollic 
esters  when  healed  with  alcohols  in  sealed  lubes  (A.  a/g.  45). 

Lactide,  0<^^%^^>0,  meltingat  las",  boiling  at  255"  {760  mm.),  I38" 
(13  mm.)  (B.  aS,  2595),  results  on  heating  lactic  acid  under  diminished  pressure.  It 
can  be  recryslall tied  from  chloroform  (A.  167,  318;  B.  aj,  351 1).  See  B.  aC.  263; 
A.  179,  100,  for  homologous  lactides. 

COOCH, 


Digiycmde.O<j\ 


\ 

I 


Cyclic  Btbet  Esters. 
boils  nl  214°  (B,  17,  2945). 
MitkyUm  Laclalr, 


GlycMu  Ethylin 
COO 


'  CH,OCH,' 
153"  (B.  a8,  R.  180). 


,  melts  at  31°,  aad  • 


Laetie  Eihideni  Ester,  1        >CH .  CII,,  baling  at  151°,  is  produced  w 

lactic  acid   and   acetaldehyde   are     heated   to   l6o°-      Its  henaclibr  derivaliv 
ehloralide  (p.  340). 

Acid  Sflters  of  the  i-Oxyacids  (pp.  144.  300]. 

Nitric  UtticEMer,  N.lrolactic  acid.  Clij .  (:H0(N0,}.  COUII.  is  a  yellow  liquid, 
decomposing  at  the  ordinary  temperature  into  oxalic  and  prussic  acids  [11.  ta,  l&VlVs 
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Acetyl  GlvcoUic  Acid,  CH,0(COCH|)COOH,  is  obtained  from  glycollic  acid  and 
acetic  anhydride.  The  ethyl  ester,  CH,0(COCH,)COOC,H.,  boils  at  I79<».  Acetyl 
Lactic  Aciil,  CH.CH(OC()CH,)COOH.  is  present  in  beef  extract  (B.  aa,  2713). 
The  ethyl  ester,  CH,  .  CH(OCOCH,)CObC,Hj,  boils  at  I77«. 

Halogen  a-Ozyacids. 

/3-Monohalogen  Ethidene  Lactic  KcxdB^^^-Chlorlactic  Acid,  CH^Cl .  CH- 
(OH) .  CO,H,  melts  at  78°.  fi-BromlacHc  Acid,  CH,Br .  CHOH  .  CO,H,  melts  at 
89°.  /;J /^o/rfr/iV^ri^,CH,I.CH(OH)CO,H,  melts  at  loo*>.  These  three  acids  have 
been  prepared  by  adding  hydrogen  chloride,  bromide  or  iodide  to  epihydrinic  or 

glycidic  acid.  CH,CH(0)CO,H. 

/3-Chlorlactic  acid  is  also  formed  from  monochloraldehyde  by  the  action  of  hydro- 
cyanic acid  and  by  the  oxidation  of  epichlorhydrin,  CH,CH(0)CH2C1,  and  a-chlor- 
hydrin,  CH,C1 .  CH(OH) .  CH,.  OH,  with  concentrated  HNO,  ;  as  well  as  by  the 
addition  of  hypochlorous  acid  to  acrylic  acid  (together  with  a-chlorhydracrylic 
acid). 

Silver  oxide  converts  it  into  glyceric  acid;  when  reduced  with  hydriodic  acid  it 
becomes  /3-iodpropionic  acid.  Heated  with  alcoholic  potash  it  is  again  changed  to 
epihydrinic  acid  (see  above),  just  as  ethylene  oxide  b  obtained  from  glycolchlor- 
hydrin  (p.  298). 

Higher  halogen  substitution  products  of  the  a-oxyacids  have  been 
prepared  by  the  gradual  treatment  of  halogen  aldehydes,  like  dichlor- 
aldehyde,  chloral,  bromal,  and  trichlorbutyric  aldehyde  with  hydro- 
cyanic acid  and  hydrochloric  acid.     Trichlorlactic  acid  has  been  the 

most  thoroughly  studied. 

/3-Dichlorlactic  Acid,  CHClj, .  CH(OII)  .COjH,  melts  at  77°. 

/5-Trichlorlactic  Acid,  CCI3.  CH(OH).  CO,H,  melts  at  105*^- 
110°,  and  is  soluble  in  water,  alcohol  and  ether.  Alkalies  easily 
change  it  to  chloral,  chloroform  and  formic  acid.  Zinc  and 
hydrochloric  acid  reduce  it  to  dichlor-  and  mono-chloracrylic  acids 
(p.  281).  Its  ethyl  ester  melts  at  66^-67°,  and  boils  at  235°.  The 
best  method  of  preparing  it  consists  in  heating  chloralcyan hydrin 
with  alcohol  and  sulphuric  acid  or  HCl  (B.  18,  754). 

Hccause  trichlorlactic  acid  yields  chloral  without  difficulty,  it  is  converted  quite 
readily,  by  difTcrcnt  reactions,  into  derivatives  of  chloral  and  glyoxal.  It  forms 
glyoximes  with  hydroxylamine,  and  glycosin   with  ammonia  (p.  321,  and  B.   17, 

1997). 

Chloralide,  Trichlor ethidene  trichlorlactic  Ester, QQ\^.Q}\<^..^  ]>CH .  CCI5,  was 

first  prepared  by  heating  chloral  with  fuming  sulphuric  acid  to  105°,  and  subsequently 
when  trichlorlactic  acid  was  heated  to  150°  with  excess  of  chloral.  It  melts  at 
114°  and  boils  at  272°.  When  heated  to  140°  with  alcohol,  it  breaks  up  into  trichlor- 
lactic ester  and  chloral  alcoholate  (Wallach,  A.  193,  i).  Chloral  also  unites  with 
lactic  and  other  oxyacids,  like  glycollic,  malic,  salicylic,  etc.,  forming  the  so-called 
chloralides  (A.  193,  l). 

Perchlorethidene-trichlorlactic    Ester,  CCl3CH<^J^2>CCl.  CCl,,  boiling  at 

276°,  is  obtained  by  the  action  of  PCI5  upon  chloralide  (A.  253,  1 21). 

Tribromlactic  Acid,  CBrj .  CH(OH) .  CO,H,  melts  at  I4I°-I43°  and  unites  with 
chloral  and  bromal  to  corresponding  chloralides  and  bromal  ides. 


HVDRACRVLIC  ACID. 


/?-Oxycarboxylic  Acids. 

Generally  the  jS-oxycarboxylic  acids,  when  healed,  part  with  i 
itid  become  unsaturated  olefine  carboxylic  acids  : 


CH,OH.CH,.CO,H  - 


>c  Hydricrylic  Acid 


-J-  CH,  =  CliCO,H 


In  the  case  of  the  higher  homologues  of  ethylene  lactic  acid,  when 
water  is  eliminaied,  both  afi-  and  j9r-oleiine  carboxylic  acids  (B.  a6, 
2079)  result.  The  a-dialkyl-P  oxybulyric  adds,  resulting  from  the 
reduction  of  dialkyl  acetoacetic  esters,  decom[X)Se  with  difficulty  on 
the  application  of  heat:    the  products  being  aldthyde  and  dialkfl 

CH,CH(0H)C<fJ9j^.   =CH,.CnO  +  (C,H(1,CHC0,H 
i.-Diclhy|.B-i>iiybul)-ric  Acid  Diethyl  Atelic  Acid. 

^-Oxyacida  mxe  produced  (mtlbod  l)  In  the  oixdau'on  o(  primary -secondary  and 
primary -tertiary  glycols;  Imelhoil  z)  (p.  329}  by  the  reduclion  of  ^jj-ketone  carboxylic 
eaters  (secondsty  oxyacids).  and  (mellioil  3]  nn  boiting  0y-  at  A,  oleltne  curiuiiylic 
acids  with  canslic  »odH.  Furthermore,  line  and  Ihe  ealcra  of  the  monobalogen  fatty 
acids — '■  g-.  bromisobutyric  tSKi — canibine  wilh  ildehydes  (isobutyl  aldehyde)  to 
fann  secondary  ^-oxyacids,  and  witb  ketones  to  form  tertiary  /J-oxyacids  (B.  a8, 
2Sj8. 184Z)- 

Ethylene  Lactic  Acid,  Hydracrylic  Acid  [3-PropanoI  Acid], 
CH,(OH),CH,  CO,H,  is  isomeric  wilh  cM<V(Vn^/a^//f<7«</ or  the  lactic 
acid 0/  fermentation,  and  is  obtained  (i)  by  the  oxidation  of  trimethyl- 
ene  glycol;  (2)  from  jS-iod propionic  acid,  or  (9-chlorpropionic  acid, 
with  moist  silver  oxide  ;  (3)  from  acrylic  acid  by  heating  with  aqueous 
sodium  hydroxide  to  too";  (4)  by  the  sa|>onification  of  ethylene 
cyanhydrin  with  hydrochloric  acid.  This  reaction  completes  ttu 
synthesis  of  ethylene  lactic  acid  from  ethylene : 

CH,OH 

"*■  (!:h,oh 


The  free  acid  yields  a  non-crystaUizable,  thick  syrup.  When  heated 
alone,  or  when  boiled  wilh  sulphuric  acid  (diluted  wilh  i  part  H,0), 
it  loses  water  and  forms  acrylic  acid  (hence  the  name  hydracrylic  acid. 

Hydriodic  acid  again  changes  it  to  /9-iodpropionic  acid.  It  yields 
oxalic  acid  and  carbon  dioxide  when  oxidized  with  chromic  acid  or 


I 
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correspoDding  acryUtes.     The  tint  salt,  {C,H,0,),Zn  -(-  4H,0.  U  soloble 


and  slcohol,  whercu  (he  lallcr  preclpilntei  lioc  a^uctMe  and  paialactale. 

^-Oiybutyric  Acid  [j'Biiluiol  • 
p,  3J2  for  the  isometism),  is  fonn^  bji  tbe  acliaa  of  sodium  omalgani  upoo  i 
'-     - e  this),  by  the  oxidMion  of  aldol  (p.  311)  with  sUvet  oxide, 


/i-Oiybutyric  Acid  pBolanol  AcidJ,  CH,.^H(OH)  .CH,.  CO,II  (eoii»[«re 

1  b]i  tbe  aclioQ  of  sodium  omaleani  upoo  aceio- 

lation  of  aldol  (p.  311]  vilh  sUvet  oxide,  am] 

ftom  a  propylene    cMorhydrin,  CH, .  CH(OH) .  CH,C1.   by  the    aclion  of  CNK 


and  iuUci|uent  saponification  of  the  cyanide.  It  ii  a  thick,  noncryiutlizi 
mup,  which  (olalilitei  wi(h  aleam.  When  heated  the  acid  decampojEi  (like  all 
/J-o»j-acids,  p.  334)  tnio  waler  aod  croConic  acid,  CH,.  CH  :  CH  .  CO,H.  An  opti- 
cally active  ^-oxybutyric  acid  hu  been   isolated   from  diabetic  luioe  (B.  18,  R. 

*^%^u^^:yrU  Arid.  HOCH.^cHCO,H,  U  no.  V«own. 

&-Oxy-n-valrrie  Acid,  CH,  .'cH,  .  CH(OH).  CH,  .  CO.H  (A.  2S3,  74.  94"). 
Q-.Wi'Aj'/-/J.'jy*<.(yr.V  -*<^ro'.  CH,.CH(OH).CH(CH,l.CO,H  (A  S50,  244). 
p-OxyiiBvalerir  rfrirf,  (CH,),C(OH)CH,  .  CO,H,  tesulw  when  isobolyl  fonnic  acid 
is  oxidited  with  KMnO,  (A.  900,  373). 

H-OxynCapTBu  Arid,  CHj.  CH,,  CH, .  CH(OH}CH,CO,H.  Is  fonned  on  bell- 
ing hydrosorbic  acid  with  CBDitic  soda  (A.  983.  114).  a  Eriyl-^-'nyiuiyic  Arid, 
CH,.CH(OH).CH(C,H,).CO,H  (A.  iBS,  140).  a-Mitkyl.^-Bxyfalirii:  AriJ. 
CH,.CH,CH(OH)CH(CH,)-^0,H  (B.  »o,  niii. 

^-Oj>ijwfl//w<-^fia',(CII,l,CH.CH(OH).CH,,CO-H  (B,  ag,  R.  667). 

^■Oiyiiokiftytic  Arid,  tCH,),CH .  CH,.  CH(OH) .  CH,.  CO.H,  melis  ai  64' 
(A.  183,  143). 

,1-^,/V-/">/>'/-«V""  ia"'' -<'■''/. (CH,)  (C,H,)C(OHlCH,Ca,H,  i 
in  the  oxidation  al mtthyl athl propyl catbinol  {\.  pr.  Ch.  [2]  93,  167), 

pDiflhyUlhylme  LaiUeArid,  (C,H,)^(OH)CH,CO,H,  res  nlu  from  the  oxida- 
tion of  ditthylallyl  carbinol  (J.  pr.  Ch.  [a]  a3.  aoi)  (p.  131).  a-Mtlkyl-Hkyl-^. 
oxyhulyHc  ,*citf.  CH.CHlOH) .  C(CH,)(C,n5)CO,H  (A.  iBB,  a66}.  TttremeUkyl- 
itiyltni  LariU  Arid,  (CH,),ClOH)C(CHj),Ct',H,  inelUng  u  15J*  (B.  18,  aSagJ. 
yields  CO,  and  dimethyt  bopropjl  carbinol  when  healed.  p-OxyisMylic  Arid, 
(CH,},CH  .  CH, .  CH,CH(OH)CH,CO,H,  melts  at  36'  (A.  S83.  387). 

a-iWVrtj'/^™;t>./-^.oj-j'*«/^».>/fri./.CH,.CH(On).C(CM,)iCH,)CO,H(A.a*«. 
a88),     eDirtkyia-sxybHtyric  AriJ,C\\,Cn{OH)C{C,\\.)XyiM  [k.  aoi,  65  ;  a«S, 
I    rtj,  a-DimelMyt-^isopropyl-fiMyifHt  LaiUc  Arid,  (CH3),CH .  CH[OH) .  C(CH,), .. 
I  CO,H,  melts  al  92*  (B.  98,  a343). 

The  X-  and  ^-Oxyactds  and  their  Cyclic  Esters,  the  y-  and 
^-Lactones. — The  y-  and  floxjacids  are  distinguished  from  the  o- 
and  (9-oxyacids  ,by  the  fact  mentioned  (p.  334)  that  they  are  capable 
of  forming  simple  cyclic  esters,  when  the  carboxyl  group  enters  into 
reaction  with  the  alcoholic  hydroxyl  group.  This  is  a  reaction 
that  is  accelerated  by  mineral  acids  in  the  case  of  the  formation 
of  the  ordinary  fatty  acid  esters.  The  cyclic  esters  of  the  y-  and 
d-oxyacids  are  called  i-Lactones  and  6  Lactones.  In  the  fir^t 
I  we  have  a  chain  of  four,  in  (he  second  a  chain  of  five  carbon  atoms 
I  closed  by  oxygen.  They  sustain  the  same  relation  to  the  oxides  of 
^  the  Y'  and  J-glycoIs,  and  to  the  anhydrides  of  the  j-  <t**^  Bdicarionic 
aeids,  that  the  open  carboxylic  esters  bear  to  the  ethers  of  the  alcohols 
and  fatty  acid  anhydrides.  Suppose,  for  example,  that  a  hydrogen 
atom  has  been  removed  from  each  methyl  group  in  the  formulas  of 
ethyl  ether,  acetic  ethyl  ester  and  acetic  anhydride,  and  the  methylene 
residues  are  then  joined  to  each  other,  we  then  arrive  at  the  formulas 


I 

■ 

J 


of  tetramethyleoe  oxide,  j--butyrolaclone  and  succinic  anhydride.    Th( 
following  scheme  represents  these  relations: 


CH,.CH,. 

CHj.CH,-- 
Eihyl  EiEii! 


nclhyleii 


CH,CO        n 
CH,.C1I,'*'^ 

Acetic  Eiliyl  Ewer 
aCH,CO 
/3t:H,CH,>^ 


CH.CO    Q 
^Cftlc  Anhydride 
CH,CO 
tH,CO>° 

occinic  Anhydride. 


ted 
ds. 
ion  J 

mm 


This  lactone  formation  occurs  more  or  less  easily,  depending  upon 
the  constitution  of  the  j-oxyacids.  The  very  same  causes  which 
influence  the  anhydride  formation  with  saturated  and  unsaturated 
dicarboxylic  acids  (see  these),  excri  their  power  with  the  j-oty; 
It  has  been  seen  "  that  increasing  magnitude  ornumber  of  hydrocarbon 
residues  in  the  carbon  chains  closed  by  oxygen  favors  the 
lecularsplitting-offof  water  with  the  7--oxyacids"(B.  24, 1237).  Whci 
the  ^--oxyacids  are  separated  from  their  salts  by  mineral  acids  the/] 
break  down,  especially  on  warming,  almost  immediately  into  water  and) 
lactones.  It  is  only  when  the  latter  are  boiled  with  alkaline  carbonai 
that  they  are  converted  into  salts  of  the  oxyacids.  This  is  more' 
readily  accomplished  through  the  agency  of  the  caustic  alkalies.  The 
^■-lactones  are  characterized  by  great  stability.  They  are  partially 
converted  into  oxy-acids  by  water,  but  this  only  occurs  after  pro- 
tracted boiling,  whereas  those  of  the  3-variety  gradually  absorb  water 
at  the  ordinary  temperature  and  soon  react  acid  (B.  16,  373). 

History. — The  first  (1873)  discovered  aliphatic  lactone  was  butyrolaclone,  oblnined 
by  Saytieff,  who,  however,  regarded  it  as  the  dialdehyde  of  succinic  acid.  Erlcn- 
meyer,  Sr.  (1880),  expressed  Ihe  opinion  Ihat  lactones  could  only  eiisi  when  ihey 

CODtaiaed  Ihe  group  C  —  C  —  C  —  COO,  which  is  present,  as  is  well  known,  in  the 
anhydrides  of  succinic  acid  (B.  13,305).  Almost  immediately  aflt-rwards  J.  Brrdt 
demonslraled  Ihat  isocaprolactone,  from  pyroteiebic  acid,  was  in  fact  a  /Isclone  (B. 
13,  748).  Fillig.  as  the  result  or  B  series  of  excel  lent  inTesligstions,  established  tiie 
genetic  relations  of  Ihe  Uclones  to  the  oxyacids  and  unsaturated  acids,  and  (aught  how 
Uiis  class  of  bodies  could  be  produced  by  new  methods.  E.  Fischer  bos  shown  that 
polfoiyUclones  play  an  especially  important  rOle  in  ihc  synlhesis  of  the  various 
farieiies  of  sugar. 

The  following  methods  answer  for  the  formation  of  the  ;--o^(-(W 
boxylU  a<ids  and  their  cyclic  esters — the  j-lactones: 

(t)  By  the  reduction  of  the  -r-kelone  (arboxylU  acids  withsodiun| 
amalgam : 

CH,.CO.CH,,CH,.COOH  +  zll  =  CH,.CH{OH) .  CH,.  CH,.CO,H 

LrvullnicAcld  yOayvalerieAcid. 

(2)  From  the  y-halogen  fatty  adds:  [a)  by  distillation,  when  thl 
lactones  are  immediately  produced : 


CICH,.CH,.CH,CO,H 

ib')  by  boiling  ihem  with  water,  i 


-  iI;H,CII,CH,Co6  +  HCl ; 
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carbonates.     In  the  latter  case  ^-lactones  are  even  produced  in  the 
cold. 

(3)  From  unsaturated  acids  in  which  the  double  union  occurs  in  the 
Py  or  ^'^-position,  and  from  the  J^S^-  or  J/'^-unsaturated  acids: 

{a)  by  distillation  ; 

(^)  by  digesting  them  with  hydrobromic  acid,  when  an  addition 
and  separation  of  hydrogen  bromide  occur ; 

(r)  by  digesting  them  with  dilute  sulphuric  acid  (B.  16,  373 ;  18, 
R.  229;  29,  1857): 


0 


CH,  =  £hCH,CH,CO,H  >-  CH, .  tn .  CH, .  CH,C06 

AUyl  Acetic  Acid  y-Valerolactone. 

(4)  By  the  distillation  of  y-lactone  carboxylic  acids  (splitting-off 
of  COa  and  the  formation  of  ^'-lactones),  whereby  the  isomeric 
unsaturated  acids  are  also  produced  (pp.  278,  284)  : 


^^«>C .  CH(COOH) .  CHj,C06 >-  cH*>t .  CH, .  CH,  .  C06  -f  CO,. 

Terebic  Acid  Isocaprolactone. 

The  following  reactions  have  been  applied  in  special  instances : 

(5)  The  reduction  of  the  chlorides  and  anhydrides  of  dibasic  acids — e.g.^  the 
production  of  }'-butyrolactone  from  succinyl  chloride  and  from  succinic  anhydride 
(B.  29,  1192). 

(6)  The  decomposition  of  the  reaction -products  resulting  from  the  action  of 
halohydrins  upon — 

(/;)  Sodium  acetoacetic  ester, 
\l>)  Sodium  malonic  ester. 
Nuileus-synthetic  Alethods  of  Formation  : 

(7)  The  action  of  zinc  alkyls  upon  the  chlorides  of  dibasic  acids. 

(8)  CNK  upon  ^-halohydrins,  and  subsequent  saponification  of  the  resulting 
nitriles. 

The  less  known  d-oxyacids  have  been  prepared  by  the  distillation 
of  ^-chlorcarboxylic  acids,  or  by  the  reduction  of  ^-ketone  carboxylic 
acids. 

Nomenclature. — ^'-Lactones  may  be  viewed  as  a-,  /9-,  and  ;'-alkyl 
substitution  products  of  butyrolactone,  and  may  be  named  accord- 
ingly 'y  thus,  ^'-methyl  butyrolactone  for  valerolactone  : 

UL.CO  cn^.co^r^ 

J     ^  >0  I     *         >0 

CH, .  CH,  CH, .  CH CH,. 

/3         y  P         y 

The  ** Geneva  names*'  terminate  in  **  olid  "  ;  thus,  butyroicutone  =^ 
\_Biiianolid'\  ;  valerolactone  =  [i . ^-pentanolidl^. 

Properties  of  the  y-  and  ^-Lactones.  They  are  usually  liquid  bodies, 
easily  soluble  in  water,  alcohol,  and  ether.  They  show  neutral  reaction, 
possess  a  faintly  aromatic  odor,  and  can  be  distilled  without  decom- 
position. The  alkaline  carbonates  precipitate  them  from  their  aqueous 
solution  in  the  form  of  oils. 
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Deporimenl. — (i)  They  are  partially  converted  into  the  correspond- 
ing oxyacids  when  boiled  with  waier.  A  stale  of  equilibrium  arises 
here,  which  is  much  influenced  by  the  number  of  alcohol  radicals 
contained  in  the  j'-lactones.  (2)  The  lactones  are  changed  with 
difficulty  fay  the  alkaline  carbonates  into  salts  of  the  corresponding 
oxyacids  (B.  25,  R.  845),  whereas  the  caustic  alkalies  *and  baryta 
water  effect  tiiis  more  readily.  (3)  Many  ^-lactones  combine  with 
the  haloid  acids,  forming  the  corresponding  r-halogen  fatty  acids; 
others  do  not  do  this.  In  the  latter  the  lactone  union  is  easily  severed 
on  allowing  hydrochloric  or  hydrobromic  acid  to  act  upon  the  lactones 
in  the  presence  of  alcohol.  Then  the  alkyl  ethers  of  the  correspond-  I 
ing  ;^chlor-  and  j-brom-fatty  acids  arc  formed  (B.  16,  513).  I 

(4)  The  }'-lACtonM  noite  with  uomotiia,  but  there  is  na  separntioa  of  water 
(p.  348). 

(5)  The  lactones  condense  under  (he  influence  01  metallic  sodium  and  sodium 
alcoiiolwe.  When  treated  with  acids,  an  Csil  of  water  occuis,  and  Ijodies  are  pro- 
duced which  consist  of  the  combiaed  lesidues  of  two  molecules  of  lactone.  When 
these  condenislion  products  are  boiled  with  bases,  oiycarboiylic  acids  result,  which 
by  losj  of  carbon  dioxide  pass  into  axilonts  (see  these),  deriraiives  of  dioiyltcloncs ; 


,  .(^H .  CH,.  CH, .  cod ^^>CH,.CHO.CH,,CH,.C;C<       '1  ' 


CH,.CIIO(Cn,),C!C<      '      *       ^       '— ^%CJl,.CHO|;CH,],C[CH,],<)CH, 

r- Lactones. 


Butyrolactone  [Butanolid],  cn,.CH,.CH,.COO,  boiling  at  306°, 

has  been  obtained  (i)  by  letting  sodium  amalgam  and  glacial  acetic 
acid  act  on  succinyl  chloride  (A.  171,  a6i};  (2)  from  butyrolactone 
carboxylic  acid  (see  this),  by  the  splitting-off  of  CO,  (B.  16,  2591) ; 
C3)  by  the  distillation  of  j-chlorbutyric  acid  (B.  19,  R.  13);  (4)  from 
oxethyl  aceloacetic  ester,  the  reaction  product  of  ethylene  chlorhydrin 
and  acetoacetic  ester  by  decomposing  it  with  baryta  (B.  18,  R.  z6); 
C5)  by  treating  )--phenoxy butyric  acid  with  hydrobromic  acid  (B.  ag,  , 
R.  286).  ^^ 

X-ValeroUctone  [r.4  PeotanoUd],  CH,.  (I:H.CH,.CH,, COO.  boiling  at  ao6", 

KTCurs  in  crude  wood  vinegar,  and  may  l>e  prepared  (l)  by  ihe  reduction  of  Isemlinic 
acid,  CH,CO .  CH- .  CH, .  CO,H  f  A.  ao8,  104) ;  (2}  by  boiling  allyl  aceUc  acid  with 
dilute  sulphuric  acid;  {3I  when  /-bromvaleiic  acid  is  boiled  with  water;  (4I  on  heal- 
ing y-oxypropyl  10 alonic  lactone  to  210°  C  (A.  »I6.  56) ;  (5)  and  in  small  quflnliliei 

wbenmethyl-panconicacid,  CH,.  CH .  CH(CO,H) .  CH, .  COO,  is  distilled  (A.  ajj. 
Dilute  nitric  acid  oxidizes  j'-ialerolaclone  to  ethylene  succinic  acid,  while  HI 

'erts  it  into  n-raleric  acid.    a-Methyl  butyrolactone,  CH,  .  CH,CH(CH,) .  COO, 
1 U  301°  [B.  a8, 10:  ag,  1194). 


J 
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CaproUctones.     y-n-CaprolactoHe^   y-ethyl    batyrolactone,     [1.4-HexaDolid], 

CH, .  CH, .  CH .  CH, .  CH, .  COO,  boiling  at  220^  U  fonned  by  the  general 
methods  2,  3,  and  4.  It  also  appears  in  the  reduction  of  gluconic  acid,  metasi^charic 
acid  and  galactonic  acid  by  hydriodic  add  (B.  17,  1300;  x8,  642, 1555). 

/3-Methyl  valeiolactone,   fi  y  -  Dimethyl  batyrolactone,  CH,-  CH .  CHCH,). 


CH,C06|  boiling  at  209^,  is  obtained  from  /9-acetobutyric  add.    a-Ethyl-butsrro- 

lactone,  €11,.  CH,.CH(C,H5)C06,  boiling  at  2lS^is  fonned  from  ethoxy-ethyl 

acctoacetic  ester.  ay-Dimetkyl-butyrolactomt,  CH, .  CH .  CH, .  CH(CH,)C06,  boil- 
ing at  206°,  is  prepared  from  p  aceto-isobut]rric  acid. 

Isocaprolactone,  (CH,),C .  CH, .  CIL .  COO,  melting  at  7 <*  and  boiling  at  207^*, 
is  produced  together  with  pyroterebic  add  in  the  distillation  of  terebic  acid.  (See 
general  meth^  4,  p.  343.)  Pyroterebic  add  itielf  passes  on  long  txnling  mto 
isocaprolactone.  It  can  also  be  obtained  from  isobutyric  aldehyde,  malonic  acS,  and 
acetic  anhydride  (B.  29,  R.  667). 

Heptolactones.    y-n-Hepioiactonet    /-n-Propylbntyrolactone,    CH,.CHj.CHj- 

CHCH^CHjCOO,  boiling  at  235^,  is  obtained  from  y-bromoenanthic  acid,  from 
n-propylparaconic  acid,  and  from  dextrose-carboxylic  acid,  as  well  as  from  galactose 
carboxylic  acid  on  treatment  with  hydriodic  acid  (B.  az,  918).    y-hopropylhUyroiaC' 

\  i 

tone,  (CH3).^CH .  CHCH,CH,COO,  boiling  at  224®,  is  formed,  along  with 
isoheptylic    acid,    from    isopropylparaconic    acid,     a- Ethyl    VaUrolactone^    CH,  .• 

CH  .  CH, .  CH(C2H5)COO,  boiling  at  219**,  is  obtained  from  a-ethyl-/9-acetopropionic 
acid  and  from  allyl  ethyl  acetic  acid  by  general  method  3  (B.  29, 1857).     a-Dinuthyl 

VaUroUu'ione,  CH,.  CH .  CH,.  C(CH5),COO,  melting  at  52<»  and  boiling  at  86® 
(15  mm. ),  may  be  obtained  from  a-dimetbyl-lsevulinic  acid  or  mesitonic  acid  (see  this). 

Octolactones.  yhobutylbutyrolactone,  (CH,),CHCH,CHCH,CH,COO,  is  ob- 
tained from  isobutylparaconic  acid,  a- Proftyhalerolactone  boils  at  233°.  a-Isopro- 
pylvaUrolnctotte  boils  at  224®  (  B.  29, 1857,  2001).     a-Ethyl-p-metkylwilerolactome, 

CH3CH  .  CH(CH3)CH(CjH5)C06,  boiling  at  226-2270,  is  obtained  from  a-ethyl.)3- 

methylacetopropionic  acid.  y-Diethylbutyrolactone^  C(C,Hj),CH,CH,COO,  boiling 
from  228-233°,  has  been  prepared  from  succinyl  chloride  and  zinc  ethide.     a- Methyl- 

y-isobutylbtityrolacione,  (CHj)2CH .  CH, .  CH  .  CH,  .  CH(CH,) .  COO,  has  been 
obtained    from    a -methyl isobutylparaconic    acid.      y-Hezylbutyrolactone,    CH,' 

(CH,)^  .  tHCH,CH,CO(l),  boils  at  28l«>  C. 

r^- Lactones. 

Certain  aliphatic  rl- lactones  are  known.  They  have  been  prepared  by  the  distilla- 
tion of  the  corresponding  (5-cbIor-acids,  or  by  the  reduction  of  (5-ketone  carboxylic 

acids(see  these) :  6-  Valerolactone,  (!:H,  .  CH,  .  CH, .  CH, .  C06,  boils  at  230®  (B.  a6« 

2574).     6-Caprolactoney  CH,  .  in  .  CH, .  CH, .  CH,  .  COO,  melts  at  I3<>  and  boils 

at  275°.     y-Ethyl-capyo-iVtactone,  in,  .  CHCH(C,H5)CH,  .  CH,Co6,    boils    at 
254-25S''  {A.  216,  127  ;  268,  117). 
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Sulphur  Derivatives  of   the  Oxy-acids :    GlycolUc  and 
'  Lactic  Acids. 

Only    the    mercaptan   carboxylic    acids   and    their  transposition 

products  will  be  considered  here.     These  are  acids  which  ai  the  same 

time  possess  the  nature  of  a.  mercaptan.     They  are  obtained  as  oils, 

with  a  disagreeable  odor.     Tliey  are  miscible  with  water,  alcohol  and 

'  ether. 

(I)  a-A/trcafitan  Carhasytie  Adds. 

Tbioglycollic  Acid,  CH,<^.q  j^  [Eihanlbiol  Acid],  is  obtained  from  mono- 
cblorncelit  acid  and  poiaasium  sulpUydrate.  and  from  ihiohydflntoln,  when  heated 
vilb  alkalies  (A.  107, 124).  Ot>  adding  ferric  cbtoride  In  ils  solution,  ne  obtain  an 
indigo-blue  eolorElioa.  Ii  is  a  dibasic  acid.  The  barium  «i//,  CH,<j-,q  >Ba-t- 
jHgO.  dissoNes  with  difficulty  in  niiter. 

a-Thialaclu  .4o./,  CH,.  CH(SH)CO,H,  is  obtained  from  pjroracemic  add  and 
■*  hydrogen  sulphide. 

^        (z)  a'j4/i(y/£u^Aii('<r  CarJDj'^/tc^r/a^Breobtainedliomtheinlcracllooofa-halogen 
I  fttly  acids  and  sodium  mercaptides. 

I        (3)  a-Mtrtaptal  CarboxyUe  Adds  result  from  the  nclion  of  a-lhio-acids  and  alde- 
L  hjdes,     EtAidtne-diihioglycBllic  Add,  CU, .  CH :  (SCH,.  COOH),.  melts  at  107=. 
{4)  a-Mircaptet  Carbaxylic  Acids  result  from  olhio-acids  and  telonea  in  the  pre*. 
mce  of  zinc  chloride  or  HQ. 

Dim'Hiyltafdilkio^lycollirAdii,  {CH,),C:  (SCH,CO0H)j.  melW  al  126°. 

(5)  a-SulpMde  DtcarbtxyHc  Adds  are  produced  when  >w,S  acts  upon  a-halogeo 
I    fally  acids. 

Thiodigly collie  Acid,  S<f..,'*  rn'H'  ™sltsat  l^g"-     I"  composition  it  cor- 

'    responds  to  diglycoUic  acid   (p.   339),  and  under  liice  conditions  fonns  a  cyclic 

'    anhydridE,  which  is  both  a  sulphide  and  a  carboxylic  anhydride.      TAiodiglyceltic 

I   Anhydridi,   S<^|]'^o>°-  ■"='"  "  '°^°'  """^  '™''*  "'  'S8°  (10  mm.)  (B.  a?. 

3059).    a~Thiodila'iyl  Add,  S[CH(CH,) .  CO,H],.  mclis  at  125°.    y-TMedibulyric 

Add  melts  al  99"  (B.  »5,  3040).      UnsymmelricaJ  Sulphide  dicaihexylk  adds  are 

obtained  from  the  disodium  salts  of  the  mercaptan  cailraxylic  acids  and  sodium 

halogen  filtj  acida  in  aqaeous  soluljon  (B.  ig,  1139). 

(6)  a-Disulphidt  Dicarbexylic  Adds  are  readily  produced  in  the  oxidation  of  the 
a-merc«ptan  carboxylic  acids  in  the  air,  or  with  ferric  chloride  or  iodine.  Ditkio- 
diglycBtlif  Add,  (SCH,C0,1I)„  melu  at  100".  a-DithiodilacHc  Add.  [SCH  (CH,)  .- 
CO,H]„  melts  at  141=. 

Cystein  is  probably  an  amidothMactk  add,  CH, ,  c(^"  )  .  CO,H.  It  is 
obtained  from  cystin  by  reduction  with  tin  and  bydrocbloric  acid.     A  cryslalliiie 

Ewder,  rery  soluble  io  water,  and  yielding  an  indigo-blue  color  with  ferric  chloride. 
the  nir  it  rapidly  oxidizes  to  cystin  (B.  18,  Z5S,  and  19,  125). 
Cystin.  C\H„N,O.S,,  probably  dilhio-diamidodilaclic  acid, 

^  <C(Ch')|Nh')  "  Co'H'  '^'^'"  '"  "*™'  '^'''^''''  °^^  """"^  sedimcnis.     It  forms 
colorless  leaflets.     It  is  insolable  in  water  and  alcohol,  but  dissolves  in  acids  and 

COOH 
c!h,S{CU,\,OH, 

anstable.    They  split  olT  water  and  yield  cydit  sulphinairs,  wbich  are  conslitnied 

ilarly  Io  the  cyclic  ammonium  compounds,  and  a 


(7)  Sulpkm-oxidi  Carboxylit  Adds. — The  free  bodies- 


re  called  McCino.    'VlUX.Q 
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from  the  contraction  of  tkio  and  betalfte,  is  intended  to  express  the  analogy  between 
their  derivatives  and  betalne  (B.  7,  695 ;  25,  2450 ;  a6,  R.  409) : 


^^-^  COO 

^".-^<8h;»  ^'°**^y^  'I^^^^^J    ciH>(CH,)„  betalne,  p. 


310. 


The  thetines  are  feeble  bases.  Their  hydrobromides  are  produced  when  methyl 
sulphide,  ethyl  sulphide,  and  sodium  thio-diglycollate  are  brought  into  action  with 
a-halogen  fatty  acids — e.  g.f  chloracetic  acid  and  a-brompropionic  add. 


,),S  .  CH,  .  CO  .  6,  U 


Dimethyl  Thetine,  (CH,),S  .  CH,  .  CO  .  0,  is  deliquescent. 


Dimethyl  Thetine  DicarboxyUc  Add,  (HO.  CO.  CH,),S.  CH,.Co6,  melts  at 
157-1580. 

Selenetines,  see  B.  ay,  R.  801. 

(8)  Sulphone  Carboxylic  Acids  are  produced  by  the  action  of  alkyl  sulphinates  upon 
esters  of  halogen  fatty  acids.  They  recall  the  ketone  carboxylic  acids  (see  these). 
Ethyl  Sulphone  Acetic  Acid,  CHj .  SO. .  CH, .  CO,H .  Ethyl  Sulphone  Propionic 
Acid,  C,II^ .  SO,  .  CH, .  CH,  .  CO,H  (B.  ax,  89,  992).  By  oxidizing  the  sulphide, 
corresponding  to  the  sulphones  with  KMnO^  we  obtain :  Sulphone  Diacetic  Acid, 
OaS(CH,CO,H)„  melting  at  1820.  a-Sulphone  Dipropionic  Acid,  0,S[CH(CH,)  .- 
CO^H],,  melts  at  155°  (B.  z8,  3241).  Sulphone  diacetic  acid  resembles  aceto- 
acetic  ester  in  many  respects.     For  mixed  snlphone-di-fatty  acids  see  B.  29,  ZI41. 

(9)  a-Sulpho-carboxylic  Acids.  The  sulpho-acids  of  the  fatty  acidis  are  pro- 
duced by  methods  similar  to  those  employed  with  the  alkyl  sulphonic  acids : 

(i)  By  the  action  of  sulphur  trioxide  upon  the  fatty  acids, or  by  acting  with  fuming 
sulphuric  acid  on  the  nitriles,  or  amides  of  the  acids. 

(2)  By  heating  concentrated  aqueous  solutions  of  the  salts  of  the  monosubstituted 
fatty  acids  with  alkaline  sulphites. 

(3)  By  the  addition  of  alkaline  sulphites  to  unsaturated  acids  (B.  x8,  483). 

(4)  By  oxidizing  the  thio-acids  corresponding  to  the  oxy-acids  with  nitric  acid. 

(5)  Upon  oxidizing  glycol  sulphonic  acids,  e.  g.,  isethionic  acid,  with  nitric  acid. 
These  sulpho-acids  are  dibasic  acids.     They  correspond  to  the  dicarboxylic  acids, 

like  malonic  acid.  The  sulpho-group  in  them  is  not  so  intimately  combined  as  in 
the  sulphonic  acids  of  the  alcohol  radicals.  Boiling  alkalies  convert  them  into  oxy- 
acids. 

Sulpho-acetic  Acid,  Cn,<^Q8^^"'^^^»^,  fuses  at  75°.    PenUchloride  of 

SO  CI 
phosphorus  converts  it  into  a  chloride,  CH,<pq'  q,  boiling  at  130-135°  (150  mm.). 

By  reduction  of  the  latter  thio-glycoUic  acid  is  produced. 

Its  diethyl  ester  is  not  volatile  without  decomposition.  The  hydrogen  atoms  of  the 
Cllj-group  in  this  ester  (as  in  acetoacctic  and  malonic  esters)  can  be  replaced  by 

alkyls  (B.  21,  1550). 


NITROGEN  DERIVATIVES  OP  THE  OXY-ACIDS. 

The  following  classes  of  nitrogen  compounds  are  derived  from  the 
a-alcohol  acids :  i.  Oxy-amides.  2.  Oxy-hydrazides.  3.  Oxy-azides. 
4.  Oxy-nitriles.  5.  Hydroxy laraine  fatty  acids.  6.  Amidoxyl  fatty 
acids.  7.  Nitro-fatty  acids.  8.  Amido-fatty  acids.  9.  Nitramine  fatty 
acids.  10.  Isonitramine  fatty  acids.  \\a.  Hydrazi no-fatty  acids. 
11^.  Hydrazo-fatty  acids.     12.  Azo-fatty  acids. 

G\ycoco\\  or  amido-acetic  acid,  and  certain  derivatives,  like  the 
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leucines,  are  among  the  more  important  o-ami  do -fatty  acids  from  a 
I   physiological  standpoint. 

I.  Oxyamidea. — Th«  a-oi^aiiides  are  produced  (l)  by  Irealing  {a)  alkyl  ealers 
and  {*)  cyclic  double  ealerK  of  ihe  laclides  wiih  amniDnia.  (ij  From  the  a-oiynitriles 
bj  Ihe  aUaorption  of  water  in  the  presence  of  a  mineral  acid,  particularly  sulphuric 
acid.     They  behave  like  the  fatly  acid  amides. 

Glycollamide,  CH,  ^^^  NH  '  "^  obtained  from  polyglycotiide,  or  from  acid 
amnioDJum  tartronate  when  heated  to  150°.  It  melts  at  I20°,  and  possesses  a  sweet 
taste. 

Laclamide,  CH,.  CH-cT^q   j^jj  ,  melts  at  74"- 

a-Oxyiaf^ylamidi,  CH,(CH,')(CH(OH)CONH„  melts  at  150"  (A.  177,  loS). 
Digtycollic  acid  yields  (wo  amides  and  a  cyclic  imide : 

Digly<BllamU  Ati4.  NH.CO .  CH, ,  O .  CH, .  CO,H.  melts  al  135°. 

Diglyiallamide,  0(CH,CONH,)„  breaks  down  when  healed  inio  ammoaia  and 
diglycBllimiiii,  0<^||'-^>NH,  melting  at  141".  It  deports  itself  like  ibe 
imidcs  of  the  diearboiylic  acids,  e,  g.,  luccinimide  (see  this)  and  n-glutarimide. 

The  readily  decomposable  additive  products,  arising  from  ammonia  and  the 
}'-lactones  (A.  156,  147).  are  viewed  as  j-dxyacid  amides.  Yet  they  are  said  to 
have  a  conslilulion  similar  to  aldehyde -ammonia  (A.  259,  143).  The  additive 
product  from  ammonia  and  j-valerolaclone  may  have  one  of  the  following  formulas : 

CH,CHCH-CH,aiNH,    or   CH, .  CH  .  CH,  ,  CH,C<?iS'. 

OH  h ! 


3.  Aiidcs  of  the  Oxyacids :  Glyiol  Axidf,  HO .  CHj .  CON,,  is  formed  when 
sodium  nitrite  acts  upon  the  bydroLhloridc  of  glycol  bydraiide.  It  cryslalliies  from 
ether  (J-  pt-  Ch.  [2]  ja,  12^). 

4.  NItriles  oF  the  Oxy-acids. 

Thenitriles  of  the  a-oxy-acids  are  the  additive  products  obtained 
from  hydrocyanic  acid  and  the  aldehydes,  and  ketones. 

The  aldehydes  yield  niiriies  of  secondary  oxy-aeids.  Formaldehyde 
is  an  exception  in  this  respect,  for  it  affords  the  nitrile  of  a  primary 
oxy-acid, — glycoUic  acid. 

The  ketones  yield  nitriles  of  iertinry  oxy-acids. 

CH,.CH  :  0  -t-  CNH  =  ClI,.  CH<™— nitrile  of  lactic  acid  (p.  335). 
(CH,),C  :  O  +  CNH  =  (CtI,),C<^J'j— nitrile  of  acetouie  acid  (p.  337}. 

These  nitriles  of  the  a-oxy-acids  have  been  called  the  cyanhydrjns 

of  the  dihydric  alcohols  or  glycols,  which  can  not  exist.     Their  anhy- 
drides are  probably  the  aldehydes  and  ketones. 

The  anhydrous  bodies  boil  in  part  without  decomposition  ;  many  of 
them  break  down  upon  the  evaporation  of  their  aqueous  solution,  and 
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alkalies  resolve  ihem  into  their  components.  The  nitrites  of  the  a  oxy- 1 
acids,  on  the  other  hand,  under  the  inHueuce  of  mineral  acids,  e.  g.,  I 
hydrochloric  acid  and  sulphuric  acid,  first  take  up  one  molecule  of  water] 
and  change  to  a  oxy  acid  amides  (see  above),  then  a  second  molecule  I 
of  water,  and  form  the  ammonium  salts  of  the  a-oxy-acids,  which  are  1 
immediately  decomposed  by  mineral  acids  (p.  264). 

Aldehyde  Cyanhydrina:    C/c<<^/k  ATiti ihlZihtoiol  Niirile],  HOCH.CN, boiU 

"lion.    I(boiU>iii9<>(i4mni.)tB.  23.R.3S5}.   £t*i- 

E  cyaiihyiltin,  CI1,CH(0H)CN.  boilt  vith  decamposi- 
/  Eiirr,  CH,CH(UC,H,)CN,  from  chlorcyanogrn  «nd  eihyl 
aher,  boils  at  S8°  (tJ.  iS,  R.  15).  Aitlyl  tlher,  CH,C1[(IK:uCH,)CN,  bmli  ■! 
169"  (B.  as,  R.  109).  0-Et/iexybulyranitnie,  CH,CH(OC^Hs).CH,CN,  from 
cynnallyl  and  ethyl  alcabol,  bcnls  M  173°  (B.  ag,  1425).  a-Oxyiiavalrrit  Nittile. 
(CII,),CH.CH(OH)CN,  breaks  dawo  at  IJ5°.  a  Oxycafrylic  Nitrile,  (TDaalhol 
hydrpcyanide,  CH,{CH,),CH{OH)CN.  J 

Haloeen  Substitution  Product!  of  the  Aldehyde  Cyanhydrina  ^A.  179.73):  I 
Ckhml  Cyankydrin.  CC1,CH(UI1)CN,  melting  al  61°.  boils  with  decomtKituion  at  I 
215-230°.  frii'vmlairit  Arid  Nitrilt,  CIir,CH(OH)CN.  TrickUrvaltrotarlit  ^ 
Add  A'arilt,  CH,.CCl,.CHCl.CH(OH|CN.  inells  at  102-103°.  Kelocyan-  ' 
hydrin* :  a-0xyii«6niyrit  Arid  Nitriu,  (CH.),C(OH)CN,  boils  at  110°.  Mtthyl 
£l»yiGfyte//itAriJ/i/itH/e,{C^UMCU,).C{OH)Cn  (A.  304,  18).  DiHkyloialU 
And  Nitrile,  dieihy!  elycoUicfeitrile,  (C,H,),C(OH)CN  (H.  14,  1974)- 

Nitrilesof  the  ony-acids  ba»c  been  prepared  (rora  ihe  halogen  gljcolhydrins  (p.  300] 
by  ihe  aciJon  of  potuaium  cyaoide.  Erhyltm  Cyanhvdrin,  ^-Lactic  Acid  Niirile, 
HO.  CH,.CH,CN,  boiling  at  mo",  il  also  obtained  from clhyleneoiide  and  imissic 
acid.  In  many  cases  ihe  nilrlleg  of  Ihe  oxy-acids  have  not  been  worked  out,  but 
hare  either  been  immedialely  changed  to  oxy-acids,  or  have  been  drawn  into  the 
circle  of  other  reactions. 

5.  Hydroxylamine  Acetic  Acid,NH,O.CH,.CO,H,  has  been  obtained  as  its 
hydrochloride,  melting  at  I48'',  together  with  benioic  ester,  from  ethyl  beni- 
hydroiime  acetic  acid,  C,H,[O.C,Hj):NOCH,CO,H.  The  free  acid  is  a  gummy 
mnss.     For  homoli^ues  see  B.  ag,  3O54.. 

6.  Amidoayl  Pally  Acids  are  isomeric  with  the  hydroxylamine  fatty  acids.  J 
Their  nitriles  result  from  the  addition  of  hydrocyanic  acid  to  aldoximes  and  keloximea  J 
(B,  ig,  6s I.     Amidexyl  AceHi  Ai'ul.  HO.NH.CH,.  CO,H,  melting  at   Ijl".  is  I 
formed   by   the  action  of   coneenlraled  hydrochloric  acid  upon  isobenialdoiimc  -1 
acetic  acid,  and  dilute  mineral  acids  upon  (B.  ag,  667)  isonitiainine  acetic  acid.    ' 
a- Amidexyl buiyre-nilriU,  CH, .  CH, .  CH(NHOHlCN.  melting  at  86°,  is  obtained 
frota  prop'ylaldoximc  and  prussic  acid.     Concentrated  sulphuric  acid  conTertsitinIo 
a-isonitroso-  or  a- ox imido. butyric  acid,  and  cold  hydrochloric  acid  changes  it  to 
a-amidoiflbutjiic  acid,  which  decomposes  at  l6G°  (G,  a6,  1548). 

7.  Nitrafalty  Acids,  a  Nitrofatty  Acids.— iWiViwK-fftV  Add  is  only  known 
in  the  form  of  iti  ethyl  ester.  When  potassium  nitrite  acts  upon  polassium  chlotacetate 
the  potassium  nitroacetale  produced  at  iirst  breaks  down  into  nitromethane  (p.  155) 
and  potassium  monocarbonste : 


I 

I 
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^NitrB-Kovalerit    AM,    (CHj],C(NO,)CH,CO,H,    U    fonned    logether 
I  dinilrpfrepaiu,  (CII,),C(^NO,],.  wben  nitiic  acid  acts  upon  isovaleric  acid  (B,  i 
[  33^4)  ■ 

8.  Amido-  or  Amino-fatty  Acids. 

In  the  amido-acids  ihe  alcoholic  hydroxjl  of  ihe  dihydric 
'   replaced  by  the  amido-group  NH, : 

CH,.OH  CH,.NH, 

CO.  OH        '"       CO  .OH 

Glycollic  Acid         Glyci>l»oiin(«ciil. 
It  is  simpler  to  view  them  as  amido-derivalives  of  the  monobasic 
fatty  acids,  produced  by  the  replacement  of  one  hydrogen  atom  in  the 
latter  by  the  amido-group: 

CH,  CII,.NH, 

to.  Oil  (I'O.OH 

Hence  they  are  usually  called  amidofatty  acids.  The  firm  union 
of  the  amido-group  in  them  is  a  characteristic  difference  between 
these  compounds  and  their  isomeric  acid  amides.  Boiling  alkalies 
do  not  eliminate  it  (similar  to  the  amines).  Several  of  these  amido- 
acids  occur  already  formed  in  plant  and  animal  organisms.  Great 
physiological  importance  attaches  to  them  here.  Tliey  can  be  obtained 
from  albuminoid  substances  by  heating  the  latter  with  hydrochloric 
acid  or  baryta  water.  They  have  received  the  name  alanines  or glyco- 
cells  iTom  their  most  im[>ortani  representatives. 

The  general  methods  in  use  for  preparing  the  amido-acids  are  : 

(i )  The  transposition  of  the  monohalogen  fatty  acids  when  heated 
with  ammonia  (similar  to  the  formation  of  the  amines  from  the 
alkylogens,  p.  i6i): 

Thus  chloracetic  acid  yields ; 

f  CH, .  COOH  (  CH, .  cool  I  (  CH, .  COOH 

N{H  nJch,.cooh  nJch,.cooh 

I  H  I  H  [  CH, .  COOH 

AmidiMcctlc  Add  DiElycalamldlc  Add  TriglycobiDidic  Add. 

(a)  In  the  action  of  the  halogen  fatly  acids  upon  ammonia,  phthal- 
imide  may  be  employed  to  promote  the  reaction,  in  that  the  halogen 
fatty-acid  esters  are  allowed  to  react  with  potassium  phthalimide, 
after  which  the  amido-acid  is  split  off  by  hydrochloric  acid  aV  aoo"  C, ; 


;js> 


fco 

ICO'^ 


iH,0    cH,NH,Ha 

lasBium  Phibalimide  PhUmtyLglycocoU  Eaa. 

(3)  The  reduction  of  nitro-  and   isonitroso-acids  (p.  350)  with 
scent  hydrogen  (Zn  and  HCl)  ; 

CH,NH,.COOH 


CH,.C:(NOH),COon 


4" 


CH,,CH(NH,)COOH 
uiine,  »-A(nidoiJtopiDHlt  Acid. 
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(4)  Transposition  of  the  cyan-fatty  acids  (see  these)  with  nascent 
H  (Zn  and  HCl,  or  by  heating  with  HI),  in  the  same  manner  that 
the  amines  are  produced  from  the  alkyl  cyanides  (p.  266)  : 

CN .  CO .  OH  +  2H,  =  CH,(NH,) .  CO,H 
Cyanformic  Acid  Amiaoacetic  Acid. 

This  reaction  connects  the  amido-fatty  acids  with  the  fatty  acids 
containing  an  atom  less  of  carbon,  and  also  with  the  dicarboxylic 
acids  of  like  carbon  content,  whose  halfnitriUs  are  the  cyan-fatty 
acids. 

(5)  The  nitriles  of  the  o-amido-acids  are  prepared  by  allowing  a 
calculated  quantity  of  ammonia,  in  alcoholic  solution,  to  act  upon 
the  hydrocyanic  acid  additive  products  of  the  aldehydes  and  ketones, 
and  then  setting  free  the  hydrochlorides  of  the  a-amido-acids  from 
these  by  means  of  hydrochloric  acid  (B.  13,  381 ;  14,  1965)  ; 

CH, .  CHO  ^"^>  CH,CH<^^  -^'^  CH,CH<^  -5^  CH,CH<^^^ 
(CH,).CO  ^^^  (CH,),C<gN  N|V  (cH,).C<^N^-^i^(^^^^^ 

(6)  Nitriles  of  a-amido-acids  can  also  be  synthetically  obtained  (a) 
from  the  aldehyde  ammonias  by  means  of  hydrocyanic  acid ;  {b)  from 
aldehydes  by  means  of  ammonium  cyanide  (B.  14,  2686) : 

CH3CH<^.j^^  >-  CH,CH<^jj^     ^^^^   >   CH,.CH<j^j|^jj^ 

CH,.CIIO  -Smh^  CH,CH<^N^^  -^>  CH,.CH<^^|»jj(^ 

Prussic  acid  attaches  itself  similarly  to  the  oximes  (B.  25, 2070),  to  the  hydra- 
zones,  and  to  the  Schiff  bases,  with  the  production  of  nitriles  (B.  25,  2020). 

The  5th  and  6th  methods  are  only  suitable  for  the  production  of 
a-amido- fatty  acids,  while  the  remaining  methods  serve  also  for  the 
I)reparation  of /5-,  /-,  and  ^-amido-fatty  acids,  which  are  also  produced : 

(7)  By  the  addition  of  ammonia  to  unsaturated  acids,  as  well  as  (So) 
by  the  oxidation  of  amido-ketones,  ^.  g.,  diacetonamine  (p.  219),  and 
(8^)  by  the  breaking  down  of  the  cyclic  imides  of  glycols  upon  oxida- 
tion, see  piperidine, 

Properfles. — The  amido-acids  are  crystalline  bodies  with  usually  a 
sweet  taste,  and  are  readily  soluble  in  water.  As  a  general  thing,  they 
are  insoluble  in  alcohol  and  ether. 

Constitution. — As  the  amido-acids  contain  both  a  carboxyl  and  an 
amido-group,  they  are  acids  and  bases.  Since,  however,  the  carboxyl 
and  amido-groups  mutually  neutralize  each  other,  the  amido-acids 
show  neutral  reaction,  and  it  is  very  probable  that  both  groups  com- 
bine to  produce  a  cyclic  ammonium  salt : 

V 

CH,.CH<NH.Qjj   =   CH,.CH<NH.>0. 


The  existence  and   method  of  producing   trimethyl  glycocoU  or 

betaine  would  indicate  this.     A  separation  of  the  two  groups  would 
again  occur  in  the  formation  of  the  salts. 

Dfporlment. — The  amido-acids  form  (i)  metallic  salts  with  metallic 
oxides,  and  (2)  ammonium  salts  with  acids. 

(3)  The  hydrogen  of  the  csrboxyl  group  c»n  be  replaced  by  alcohol  radicals  wilh  Tor- 
mslion  of  filtrs,  which  hic,  however,  UQJilalile.  On  the  other  hand,  the  hydrogen  of 
the  Biuido-gioup  can  be  replaced  by  holh  acid  and  alcohol  radicals.  (4}  The  add 
derivalivcs  appear  when  acid  chlorides  act  upon  the  amido-acids  or  their  esters: 


™'<cok+'^'"'°"  = 


Acetyl  Ainitli>«cetlc  Add. 

iQ  of  the  ainiiiei  on  sul 

CH,a .  CO,H  -i-  NH{CH,),  =  CH,<^^^y'''"  -]-  HQ. 

Dimethyl  G]yi:<>c[>ll. 

(6)  By  continuing  the  introdoclion  of  metby]  into  the  amido-acids  it  is  possible  1 
entirely  split  off  the  atnido -group.  Unsaturated  acids  result.  Thus,  o-ainidopn 
pionic  acid  yields  acrylic  acid,  and  a-ainido. butyric  acid  yields  crotonic  acid  (B.  3 
R.  86),  while  o-amidon- valeric  add  yields  propylidene  acetic  acid  (B,  36,  R.  937), 

(7)  When  the  nmido-acids  are  healed  to  200"  with  hydriodic  acid  they  exchange 
their  amldo-gtoup  for  hydrogen  and  become  Tally  acids  (B.  34,  R.  900). 

They  are  not  affected  by  boiling  alkalies,  but  (S)  when  fused  they  decompose 
salts  of  tbe  falty  acids  and  into  amines  or  ammonia.     (9)  fiy  dry  disliUation  (with 
baryta  especially)  ihey  yield  amines  and  carbon  dioxide  : 

CH,.CH<^y^l  =  CH,.CH,.NH,  +  CO,. 


ous  acid  converts  them  into  oiy-acids  r 


(II)  When  potassium  nitrite  is  all. 

of  the  amido-acids,  esters  of  the  d 
formation  serves  as  a  test  fnr  even  mi: 
Ferric  chloride  yields  a  red  color  ' 


wed  lo  act  on  the  hydrochlorides  of  the  esiers 
izo-falty  acids  (p.  365)  are  produced.  Their 
ute  quantities  of  the  amido-acids  (B.  17,  959), 
ith  all  the  amido-acids.     Acids  dischiitgc  llie 


One  of  the  chief  characteristics  of  the  a-araido-fatly  acids  is  that 
when  they  lose  water  theyyield  cyclic  double  acid  amides,  correspond-/  I 
ing  to  the  cyclic  double  esters  of  the  o-oxy-acids  or  laclides  (p.  339)  : 


The  7-  and  il-amido -acids,  however,  are  capable  of  forming  cyclic,  wu^e  vui^  I 


I 
I 
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a-oxyscids  by  the  action  or  the  carboxyl  group  and  the  alcoholic  i 
hydroxyl  group  two  molecules  enter  the  reaction.    This  is  also  the 
case  in  the  amide-formation   between   the  carboxyl  group  and  the   I 
amido-group  of  the  a  amido-acids.     Cyclic  double-acid  amides  corre- 
spond to  the  cyclic  double  esters  or  laclides. 

DitlkylttiKiiamiHe,  Pipenuine  or  Heiobydropynzme  (p.  314).  is  ibe  sUning-oul 
EUbttuice  from  wbicb  such  bodies  on  be  obulnei]  u  oxygen  subslilution  products. 
Mence  we  have  names  auch  u  o)-dike(o-,  aj-diaci  ,  oj-dioiypipcniiine,  by  means 
of  which  we  cnn  distinguish  the  four  caibon  atoms  of  the  piperaxine  ring,  a>  a-,  ft-, 
7-,  and  <<-cirbon  alom : 


^CH,.CO 
■^CO .  CH, 


0<^'CIL>0  "^<m'c^>NH  HN<-".-".>NH 


DIclyeolLldc  DlElvCDlyltllaBiiilF,  DiethvlcncdiBmlne, 

•Y-Diacipiptraiine  rip«i*iliK. 

The  aromatic piperaiine  detivalivei  are  panicularij  numerous  (6.  15,  3941). 

DiglyrBtyMutmidt,  Glycin  Anhydride,  o)-Diacipiperaiine,  tIN<^Q' (,'j^>NH, 
luTDS  browD  at  345°,  melts  at  37J°.  and  is  formed  when  amido-acelic  etbyl  «sCtr  i* 
evaporated  with  water  (II.  33,  3041). 

DiglyiolyldimilkyUmidt,  Sircosine  Anhydride,  CH,N<^^»-^'^>N.CH^ 
melting  ■■  150°  and  boiling  at  350°,  is  produced  by  heating  sarcosine  (B.  17,  a86). 

DiladyUiamidi.  Uctimide,  "N<^'^^','(;^9>NH.  melting  at  175",  is 
formed  when  aliDine  is  healed  with  hydrochloric  acid  gas  ai  iSo-IOo'  (A,  134,  372). 

l^'Amido-carbosylic  Acids.  . 

Neither  cyclic  double-acid  amides,  such  as  are  obtained  Ttom  the  a-amidocar-    . 
boxytic  acids,  nor  cyclic  simple  acid  nmides  or  lactams,  sucb  as  are  obtained  froDl  the    ' 
y-  and  1I  amidacttrboxyllc  acid,  can  be  prepared  from  the  poorly  studied  /j-amido- 
earbuiylic  acids. 

/?.Amidopropionic  Acid,  jS-Alanine,  CH,(NH,) .  CH,.CO,H,  melts  at  196" 
■nd  break)  down  into  ammonia  and  acrylic  acid.  It  is  isomeric  with  alanine 
(p,  35fi)  and  is  obtained  from  ^-iodpropionic  acid  with  ammonia  from  ^-nitropro- 
pionic  acid,  and  niso  from  succinimide  and  succinbramlmide  by  means  of  bromine  and 
caustic  potash  |B.  j6,  R.  96). 

/I-Amidobulyric  Acid.  CH,.  CH(NH,) .  CH,.CO,H(?),  is  produced  when 
crotonic  acid  is  bested  with  ammonia  IB.  31.  K,  53;). 

j^Amido-isovaleric  Acid.  (CH,t,C(NH,) .  CH,.  CO,H.  is  obtained  by  the  re- 
duction of  the  corresponding  nilroacid  (p.  350). 

y-  and  d-Amido-carboxylic  Acids.  I 

The  most  important  characteristic  of  the  y-  and  i-amido-carboxylic 
acids  is  that  when  healed  they  part  with  water  and  yield  cyclic,  simple 
acid  amides  or  lactams,  the  y-lactams  and  the  S/aclams. 

riperidine  derivativei.  when  oxidized,  have  yielded  some  of  these  acids  (5chatlen). 
Potassium  phlhalimide  affords  a  general  synthetic  method.  Ethylene  bromide  or  tri- 
metliylene  bromide  acted  upon  by  it  changes  to  ubromclbyl-phtbaliniidc  and  u-brom- 
propyl-phthalimide  (Gabriel),  These  bodies,  as  is  Icnown,  have  also  been  uliliMd  ' 
the  preparation  of  oialkyl amines  (p.  309).  In  order  10  gel  7-  and  d-amido-carboiylic 
jtcids  b;  ibcir  aid  they  are  transposed  with  sodium  malonic  ester  and  sodium  alkjl- 


J 
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malonic  ester.  The  condensaliun  prodact  resulling  !□  ihU  manner  is  decomposed, 
on  heating  it  with  hydrochlnric  acid,  into  phlbalic  *cid,  }-,  or  il-omido  cartaoxylic 
hjdroclitoride,  caiboD  dioxide  uld  alcobol  (B,  24,  iiS°)  '■ 

C,H, I  W^>NCH,CH,Br  C,H.|  [jl^^>NCII,.CH,.CH,Br 

t»-BrDmelhyl-phlh«liinide  J,  •i-Btompropyi-phllialiinide 

hJ  l^J^g>N[CH,],CH{CO,C,H,),    C,H,|  k|^Q>N[CH,],CH(CO,C,Hj), 

t«.{  [$5:11 + s,E«-ia«  t". { [;jS;K  +  ™,i™j;ss. 

]--Amidobutyric  Acid,  Piperidic  Acid,  melts  al  183-184°  and  loses  water.  It  is 
formed  (1)  when  piperidylurelhane,  C1I,<^||' "  ^"'>N .  CO,C,Hj,  h  oxidittd 
with  niltiesdd  (B.  16,  644);  (2)  bjr  means  otpolaMium  phthalimide ;  either— (a)  by 
the  double  decomposition  of  brom-ethfl  phthalimide  with  sodium  malonic  ester  (see 
above),  or  {i)  by  transposing  u-broiDpropyl- phthalimide  with  potassium  cyanide,  and 
dccomposiog  the  phtbalyl-)'-aniidobutyric  nitrile  (B.  33,  1772). 

/Amidovaleric  Acid.  CH,,  CH(NH,).CI^.  CH,.  CO,H,  results  from  the 
decomposition  of  pbenylhydmone-lxTulinic  acid  by  sodium  amalgam  (B.  37,  2313). 
It  melts  at  193°.      Both  )■- am ido- acids,  when  bcated,  pass  into  lactams. 

il  Amido-n-valeric  Acid,  NH,(CH,1..  CO,H  (Homopiperidic  Acid),  melU 
at  158°.  Its  benzoyl  derivalive  and  iulpho-iamidovaltric  and,  SO,[NH(CH,)j- 
CU,TJ],,  melting  at  163°,  are  formed  when  benzoyl  piperidine, 

CII,<g 

and  sulphopiperidine  aie  oxidized  with  KMqO,  (B.  ai,  2240).  The  acid  results  from 
phthalyl  propyl  malonic  diethyl  ester  (B,  33, 1769).  In  the  latter  manner  the  follow- 
ing acids  have  been  prepared:  a-Mclbyl-'t-amido-n-valeiic  acid.  NH, .  CH, .  CH,.  - 
CI  r,.CH(CH,)CO,H.  melting  at  168":  a-ElhyW-aniidon-valeric  acid,  NH,.CH,.. 
CH,.CH,.CH(C:H.  CO,H,  melting  al  300-200.5°;  aPropyl-d  amido-n-Yalcric 
acid.  NH,.CH,.CH,.CH,.CH(C;H,)C0,H,  melting  al  186°  (B.  34.  2444), 
i-A«iida-H-Orlank  And,  Homoconinic  acid,  C,H, .  CH(NH-)  .  CH,.  CH,  ,  CH,, - 
CO,H,  mells  at  158°.  Its  benioyl  derivative  is  produced  when  benzoyl  conine  is 
oxidized  with  polassiuin  pennanganale  (B.  ig,  502). 

r-  and  iT-Lactams:  Cyclic  Amides  of  the  y-  and  5-Amido- 
carboxyllc  Acids. 

These  bodies  are  formed  when  the  j-  and  3-amido-acids  are  heated 
to  their  point  of  fusion.  They  then  lose  water,  and  suffer  an  intra- 
molecular condensation.  Some  of  them  have  been  obtained  by  the 
reduction  of  the  anilchlorides  of  dibasic  acids — e.g.,  dichlormalein 
anilchloride.  They  correspond  to  the  ;^  and  lactones.  The  names 
^-lactams  and  i-laciams  have  l>een  given  them  to  rccal!  the  lactones. 
They  are  cyclic  acid-amides.  Just  as  the  lactones,  under  the  influence 
of  the  caustic  alkalies,  yield  oxy-acid  salts,  so  the  lactams,  when 
digested  with  alkalies  or  acids,  pass  into  salts  of  the  amido-acids,  from 
which  they  can  be  formed  on  the  application  of  heal. 

Ftirlher,  the  j-- and  ^-lactams  bear  the  same  relation  to  the  imidea 
of  the  J"  and  J-alky!en  diamines  as  the  lactones  sustain  to  the  oxides 


I 
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of  the  Y"  and  ^glycols  (p.  343).     These  relations  are  apparent  in  the 
following  arrangement : 


CH, .  CHjOH 

c!h,  .  CHjOH 

Tetraraethylene 
Glycol 

Cri| .  Crlj 

CH] .  CHj 

Tetraraethylene 

Oxide, 
Tetrahydrofur- 

furane 

CH, .  CO 
I  >0 

CH,  •  CH| 
y-Butyrolactone 


ch.<^h;;^S;>o  ch.<^1^;^1|;>nh 


CH, .  CH, .  NH,  CH, .  CH,OH 

c!h,  .  CH, .  NH,     ^"»<CH,CH,OH 

Tetraraethylene  Pentamethylene 

Diamine  Glycol 

CH| .  CH| 

CH| .  CH, 

Tetraraethylene 

Imide. 

Tetrahyaro- 

pyrrol 

CH,  .  CO 

CHa  .  CH, 

Y-outyrolactam, 
a»Pyrrolidone 


pTT  ^^CHj.CHj.^H, 
'-"«^CH,.CH,.NH, 

Pentamethylene 
Diamine 


Pentamethylene 
Oxide 


Pentamethylene  Imide, 
Piperidine 


CH.<^g; :  S  >0    CH.<Cg.  •  CO  >NH 


<-Valerolactone 


<-Valerolactam, 

o-Oxopiperidine, 

opPiperidone. 


IS  re- 


CH,.CO 
/-Lactams :   y-Buiyrolactam^  a-Pjrrrolidone,  1  ]>NH,  melting  at  25®  to 

CH, .  CH, 

28°  and  boiling  at  245**,  unites  with  water  to  a  crystalline  hydrate,  C^H^ON  -f  H,0, 

melting  at   35°.      n-Phenyl-ybutyrolactam  is  produced   in    the   reduction   of  di- 

chlormalein    anilchloride    (B.    28,    58).       y-  Valerolaciamy    <5-methyl    pyrrolidone, 

CH,  —  CH(CH3)  .  T^„ 
1  >>^"i  melting  at  37®  and  distilling  without  decomposition,  ii 

duced  by  amyl  alcohol  and  sodium  to  a-methyl  pyrrolidine  (p.  315)  (B.  22,  i860, 
3338,  2364;  23,  708). 

S'LfSiCtSiTns :  6- Fa/ero/aciam f    a-Ketopiperidine,  a-Oxopiperidine,  a-Piperidone, 

^^«^CH*  *  CH  >^^'  ™^^^  **  39-40**  and  boils  at  256**  (B.  21,  2242).  a-Methyl- 
6-valerolactam,  /?-MethyI  Piperidone,  CH,<^[J(^8^^^>NH,  melts  at  53. 5*>  to  550. 

a-Ethyl-6-valerolactam,fi'YjCt\y\  Piperidone,  CH,<^|](f^6^^P>NH,  melts  at  68« 
and  boils  at  140-142**  (42  mm.)  (B.  23,  3694).  a-Propyi-d-vaUrolactam, 
j3  Propyl  Piperidone,CH,<^|](^'^^>NH,  melts  at  59°  and  boils  at  274«. 

CH  CO 

(5-n-  Octanolactam^  Homoconinic  Acid  Lactam,  CH,<^      '         >NH     ,  melts  at  84®. 

CH, .  CH  —  CjH» 
The  amido-acids  are  not  poisonous,  but  their  y-  and  o-lactams  are  violent,  strych- 
nine-like poisons,  affecting  the  spinal  cord  and  producing  cramps.     We  shall  again 
meet  these  bodies  under  the  pyrrol  and  pyridine  derivatives,  where  they  will  appear  as 
tetrahydropyrrol  and  piperidine  compounds. 

9.  Fatty  Acid  Nitramines,  NUramineacetic  Acid^  CO,H  .  CH, .  NH  .  NO,f?), 
melting  at  103°,  is  prepared  by  saponifying  its  ethyl  ester  (melting  at  24°),  which 
results  on  treating  nitrourethane  acetic  ester,  COjCjHj .  CH,N(N0,)C0,C,H5,  with 
ammonia  (B.  29,  1682). 

10.  Isonitramine  Fatty  Acids  are  obtained  in  the  form  of  their  sodium  salts  when 
sodium  isonitramine  acetoacetic  esters  and  sodium  isonitramine-mono-alkyl  aceto- 
acetic  esters  are  acted  upon  by  the  alkalies  (B.  29,  667).  They  are  converted  into 
amidoxy-fatty  acids  by  dilute  mineral  acids  (p.  350).  Acid  reducing  agents  change 
them  to  amino-fatty  acids,  while  alkaline  reducing  agents  produce  diazo-acids  (p.  365) 
and  bydrazino-acids  (sec  below). 


I 
I 


UHSATURATED  OXY-ACIDS,  OXV-OLEnNE  CABBUXVLIC   AClUi 

O 
IsoHilraminr-aceCit  Alid,  COjH.CU,N<  i  ,  and  its  homologues  »rc  syrupj, 

easilf  dccampii&abtc  liquids.    Theit  lead  salts  dissolve  with  difficulty. 

tl  (<i).  Hydrazino-fatly  Acids  are  olitBined,  together  witb  the  diaio-acids,  when 
the  iionilramine-talty  acids  ve  acted  upon  with  alkalrne  reducing  agents.  Their 
carbamide  deriialivesBreobtBiaed  in  the  fonii  of  nitiiles  when  pruisicacid  adds  itself 
lo  ihe  ketone  semicatbaiides,  a-Hydratine'prepionii  Acid,  Amido-alanine,  Nli,,- 
NH  .  CH(CH,)CO,H.  melting  at  180°,  is  formeJ  from  a-iaonitrainiQc  propionic  acid 
(B.  ag,  6;o).  a-HydnninoliHlyric  Add,  NH,.  NH  .  C(CH,>,CO,H,  melts,  with  de- 
eomposiiion,  at  137°.  It  is  formed  when  steam  acts  upon  its  benzal  derivative.  The 
latter  is  made  by  acting  on  acetone  semicarbaiide,  NH,t,0.  NH  .  N  =  C(CH,),. 
with  prussic  acid,  vben  carbonamid-hydmiao-itobnlyronitiile  is  pioduced.  This  it 
then  decomposed  with  hydtochloric  acid,  and  benzaldehyde  is  added  [A.  ago,  15). 

s-/'AMj'/*trfrai:iiifl-afn'w  /irirf,  C,H,NH.NH  .CH,.CO,H,  meltit;g  at  158", 
is  produced  by  the  careful  reduction  of  pbenylhydraione-glyoiylic  acid,  and  when 
chloiacetic  acid  acts  upon  phenyl hyilraiine  (B.  a8,  123Q).  aasfm.  - Pirnylkyi/ravna- 
acttic  Aa'd,  C,HjN(NH,)CH, .  CO,H,  melts,  with  decomposition  mt  167"  (B.  aS, 
■  226). 

ll(*).  Hydrazo-fatty  Acids,— When  a  hydtazuio-fatty  add  islreated  with  acetone 
and  potassium  cyanide,  a  hydrazo-nitrile  acid  results  :  thus,  from  a-hydrazino-isobutyric 
acid  we  get  ij'^raK.-(jo#H/l."«'''-'V.i ««■(/,  (CH,),C<^^^^J^>C(CH,),,  melUng 
at  100°.  When  hydrazine  sulphate  (I  mol.),  acetone  (2  mola.), and  potassium  cyanide 

(z  mols.)  react,  the  product  is  Hydrato-iiobulyranilrilt,  (CH,),C<^" CN>''' 

(CH,),,  melting  at  92",     Hydrochloric  acid  converts  both  nitriles  into  /fydram- 
Uniulyric  And.  lCiI,),C<^p  Jj ^^|j>C(CH,l,.  melting  at  aij"  (A.  390,  1). 

13.  Aio-fatly  Acids. — Bromine  water  oxidjies  bydraio- esters  and  hydrazoniltiles   J 
to  the  corresponding  aio  bodies.     Azo-iaobutyronilrile,  (CH,1,C<|,,^^    CN-^^ 
(CK,),.  mcltitiE  at  105°.  when  heated  alone,  or,  better,  with  hot  water,  passes  int 
tctrametbyl  succinic  nitrile  (A.  a^,  I). 


(.  UNSATURATED  OXV-A 


i,  OXY-OLEFINE  CARBOXYLIC  A 


The  a-acids  are  foimed  when  their  nitrites,  the  a<lditive  products  arising  from 
hydrocyanic  acid  and  unsatuiaied  aldehydes,  are  treated  with  cold  hydrochloric  acid. 
When  boiled  with  dilute  hydrochloric  acid,  the  o-o»y-A5>'-un5aturated  acid*  are 
rearranged  into  j-ketone  carboxylic  acids  (Fittig,  B,  ag,  2583) — t.g.,  crotonatdehyde 


CH,.CH 


;  CH.CH<£°f",  which  passes  inloCH,.  CO.  CH,.Cn,,CO,H 


I 


d-Osy-imsaturated  Acids. — Ony  melhylen 
acetic  acid,  must  be  considered  an  unsaturated 
acetone,  p.  319). 

P-  Ostyarrylii  Add,  Kotmyl  Acetic  Acid,  Oiy- methylene  Acetic  Acid,  HO .  CH  = 
CH  .  CO.H  (early  formula,  CHO  .  CH,  .  CO,H).  Its  ester  is  formed  by  the  conden- 
sation of  acetic  ester  with  formic  ester.  Metallic  sodium  is  used  for  this  punHMe. 
It  readily  condenses  to  Irimesic  ester  or  benzene- 1. 3. 5-lri carboxylic  ester,  C,H,- 
(CO.C.H,),  (B,  ai,  1146).  The  sodium  compound  of  the  ^  oiy-acrylic  ester  com- 
■-■-  '-^    ---'  chloride  totheacetaicCH(OCOCH,)rCH.CO,C,H,,  boiling  Bl 


I'-i'JiJs  I 


136'  (under  46  n; 


vUich  bromine  changes  li 


t  of  al\Dibro 


I 
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propionic  ester^  CH, .  CO .  OCHBr .  CHBr .  COjCjUj,  boiling  at  153-154O  (34  mm). 
lliis  reveab  the  constitution  of  the  acetate  (B.  25,  1040).  Concentrated  sulphuric 
acid  converts  formyl  acetic  acid  into  coumatic  acid  (see  this). 

a-OjcymethyUne-propionic  ^x/^r,  methyl -formyl  acetic  ester,  HO.CH  :  C(CHj) .  - 
COjCjHj,  boils  at  160-162°.  Its  acetate  boils  at  132®  (48  mm.).  pOxyisocrotonic 
Acid^  CU,.C(OH)  =  CH  .  CO,H,  is  not  known,  but  its  ketoform,  acetoacetic  acid, 
is  known. 

The  following  bodies  must  be  regarded  as  derivatives  of  ^-oxycrotonic  acid: 
^-Methoxy{ynxi^iso€rotonic  Acid,  CH, .  C(0 .  CH,) :  CH  .  CO,H,  melting  at  128.5**, 
may  be  obtained  by  the  action  of  sodium  ethylate  upon  /3-chIorisocrotonic  ethyl  ester 
(p.  280)  (A.  2ig,  344).  P'AfetAoxy{tn,ns)isocrotonic  Ethyl  Ester^  from  /3-chloriso- 
crotonic  ethyl  ester  and  sodium  methylate  (A.  256,  207),  boils  at  178°.  ^-Methoxy- 
{c\s)isocrotomc  Ethyl  Ester ^  from  acetoacetic  ester  and  diazomethane  in  ether, 
boils  at  188°.  Both  esters  on  saponification  yield  the  same  /3-methoxy (trans) iso- 
crotonic  acid  ( B.  28, 1626).  ^Ethoxyisocrotonic  Ethyl  Ester  ^  CH,C(0C;H5)  :  CH  .- 
COjCjiH^,  melting  at  30°  and  boiling  at  195°,  is  also  formed  when  acetyl  chloride  is 
allowed  to  act  upon  a  mixture  of  acetoacetic  ester  and  orthoformic  ester  (B.  26, 2729). 
The  free  acid  is  obtained  by  its  saponification,  and  on  splitting  off  carbon  dioxide 
yields  isopropylene  ethyl  ether  (p.  136). 

/3-Oxycrotonic  acid  derivatives  are  also  formed  when  sodium  acetoacetic  ester  is 
treated  with  CI .  COOCjH.,  CH,COCl,  and  CjHjCOCl  (see  p.  377).  pCarbethoxyl- 
oxycrotonic  Ester,  CH,  .  Cf^OCOjCjHg)  =  CHCO,C,Hj,  boils  at  I3I<»  (14  mm.)  (B. 
25,  1760).  P- Acetyl  oxycrotonic  Ester,  CH, .  C(OC .  OCH,)  :  CHCOjC-H.,  boils  at 
98*>  (12  mm.).  ^  Benzoyl oxycrotonic  Plster,  CH, .  C(OCOCjH5)  =  CHCOjCjHj, 
melts  at  43°.  In  contrast  to  the  isomendes,  in  which  the  three  acid  radicals  are 
attached  to  the  a-carbon  atom,  the  /3-oxycrotonic  esters  do  not  dissolve  in  the  alka- 
lies. Alcoholates  cause  them  to  revert  to  acetoacetic  ester.  At  low  temperatures 
they  take  up  bromine.  Their  formation  from  sodium  acetoacetic  ester  argues  for  the 
formula  CH, .  C(ONa)  :  CH  .  QOJZ^\  of  the  latter  (p.  372). 

y-  and  (5-Oxyolefine  acids  are  known  in  the  form  of  their  lactones;  some  of 
them  have  been  prepared  by  the  distillation  of  7-ketonic  acids:  thus,  la^vulinic  and 
acetyl  laevulinic  (p.  379)  acids  yield : 

a- Angelica  lactone,  CH3 .  C  :  CH .  CH^COC),  melting  at  18°  and  boiling  at   167°- 

p- Angelica  lactone,  CHj :  C  —  CII,  .  CH,COO,  boiling  at  83°  (25  mm.),  gradually 
changes,  when  distilled  under  ordinary  pressure,  into  aangelica  lactone. 

Parasorbic  Acid,  or  Sorbin  Oil,  CH, .  CH, .  CH  .  CH  :  CH  .  COO,  or  CH,  .  - 

CH  .  CH2.  CI  I  :  CH  .  COO,  boiling  at  221°,  occurs,  together  with  malic  acid,  m  the 
juice  of  ripe  and  unripe  mountain  ash  berries  {Sorbus  aucuparia).  It  is  optically 
active :  [a]j  -^  -|-  40.8,  and  is  an  energetic  emetic.  It  passes  into  sorbic  acid  (p.  289) 
when  heated  with  sodium  hydroxide  or  hydrochloric  acid  (B.  27,  344).  Mesitonic 
acid  (p.  381)  yields  a- Dimethy  la  angelica  lactone,  melting  at  24°  and  boiling  at  167°. 
Insaturated  rJ-lactones  have  been  obtained  from  coumalic  acid  and  isodehydracetic 
acid  by  the  splitting-ofT  of  carbon  dioxide: 

Coumalin,  CH  r-rCH  —  CH  =CH.  COO,  melting  at  -f  5«  and  boiling  at  120° 
C.  (30  mm.),  has  an  odor  like  that  of  coumarin  (A.  264,  293). 

Mesitene  Lactone,  ^(5-Dimethyl  coumalin,  CIl3C  =  CH  — C(CH3)  :=::CH  .  COO, 
melts  at  51.5°  and  boils  at  245°.  When  heated  with  ammonia  it  changes  to  the  cor- 
respondinjT  lactam,  so-c^iWt^pseudolutidostyril^  mesitene  lactam  (p.  363). 

Ricinoldc  Acid,  CjgHj^O,,  is  an  unsaturated  oxy-carboxylic  acid  (p.  286). 

Unsaturated  /?-Amido-acid8  and  /?-Hydrazido-acids. 

Esters  of  unsaturated  /?  amido-acids  are  formed  when  ammonia  or  primary  and 
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leconilajy  *minM{B.  iS,  619:  as.  777)  bcI  upon  a 
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a  produced    I 


li  AmiJeeretuiiU  £s/tr.  LH,C(NH,) :  CH  .  CO,C,H,,  boiling  at 
when  ammonik  acts  upon  acetoicetic  «ier,  u  well  rs  upon  ;]-cMor 
(U.  aS,  K.  917).     Aqucbiu  h/drochloric  acid  CBUses  it  lo  rererl  lo  nceloicclii:  ester    | 
(A.  aafi,  392},  while  dry  lijdrogen  chloride  produces  a  salt,  which  at  130°  is  re- 
arranged into  Bintnonium  chloride,  and  the  esler  of  an  uiisalumiE<l  'l-laclain-cArlioxylic 
tiCxd—fieKdo-luliJBJlyiil  catioxylk  arid  (B.  ao.  44 J  \  A.  IJ9,  172).     For  the  LJTect  u( 
heal  upon  tbe  free  eslet  consult  B.  98,  R.  6oj. 

ji-AiHHdetTvloaii  Est.r,  CH,C(NHC,H,)  =  CH  .  C(),C,Hj.  a  thick  oil,  dislils  un- 
decompDsed  under  reducrd  pressure,  and  when  hpaied  to  zoo"  al  the  ordinary  presiuie 
condensed  to  ynxyqmnaldint  and  phenyl  lulidone  carboxytic  acid  (IS,  30,  947, 
1398)- 

Tbese  derivatives  of  /3-ainido-crolonic  acid  manifest  no  inclination  towards  the 
)rmBlion  of  simple,  cjclic  ^-lacUms.  but  when  Ibey  condense  through  Ihe  inter- 
:tion  of  two  molecules,  bodies  of  complex  con>iiiuiian  result.  The  conditions. 
owever,  immedialely  change  when  hydratine  and  MtiiylAydrasiHe  are  subcliiulcd 
ir  arnmonis  and  ammonia  bases  in  the  reaction  Mith  ■celoacetic  esters.  The  ten- 
dency on  the  part  of  the  resulliog  primary  /i  hydraxido  crolooic  acid  derivatives  to 
Inctnm  formalinn  is  exceedingly  great.  The  products  have  been  called  pyraiolon- 
dcrivatives.  Aniifyrint  belongs  to  this  doss.  Should  it  seem  desirable  to  inlrodoce 
a  special  name  for  tliese  lactams,  in  which  the  lactam -nitrogen  is  joined  li 
nitrogen  atom,  they  might  be  designated  lactaMmi.  Thus,  ;3-bydra»ido-crotonic  ester  1 
loses  alcohol  and  passes  easily  into  the  corresponding  laclaiam — j-melhylpyranrfon  i 
CH,.C:ClI,CO.OC,H,  CHj.C:CH.CO 


NH— Nil, 
LaclaiuB  of  Unsaturated 


NH NH 


Amido-acidB. 

pentad  icn- lactam]     CH^ 


EUnlimidt,  CW:  )N.C,H,.   bailing    nt  JSS",    mA  B-El>w.<vfvndi 

.,CH— C(0   C,H(). 
H^'  "^N,  boiling  at  156",  and  possessing  an  odoi  like  thai 


t  ,505°,  is  formed  when  n 


Iwo  loonocarlioxylic 


S.  ALDEKYDB  ACIDS. 

These  arc  bodies  which  show  both  ihc  properties  of  a  carboxylic  I 

acid  and  of  ati  aldehyde.     Formic  acid  is  the  simplest  representative  j 

of  the  class,  and  it  is  also  the  first  meniher  of  the  homologous  series  of  \ 

saturated  aliphatic  monocarboxylic  acids,     Ru(  it  and  its  derivatives  | 
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have  been,  with  repeated  reference  to  its  aldehydic  nature,  discussed 
before  acetic  acid  and  their  higher  homologues.  The  best  known  alde- 
hyde carboxylic  acid,  a  compound  of  the  aldehyde  group  CHO  with 
the  carboxyl  group  COOH,  is  glyoxylic  acid,  which  is  an  oxidation 
product  of  ethylene  glycol. 

Glyoxylic  Acid,  Glyoxalic  Acid  [Ethanal  Acid]  (H0)2  .  CH  .- 
COjH,  was  found  by  Debus  (1856)  among  the  products  resulting  from 
the  oxidation  of  alcohol  with  nitric  acid.  It  occurs  in  the  unripe 
gooseberries.  Just  as  chloral  hydrate  is  to  be  considered  as  trichlorethi- 
dene  glycol,  CCljCH(OH)2,  so  crystallized  glyoxylic  acid  can  be  re- 
garded as  the  glycol  corresponding  to  thealdehydo-acid,  CHO .  CO3H. 
All  the  salts  are  derived  from  the  dihydroxyl  formula  of  glyoxylic 
acid ;  hence  it  may  be  designated  dioxy-acetic  acid.  Like  chloral 
hydrate,  glyoxylic  acid  in  many  reactions  deports  itself  like  a  true 
aldehyde  (B.  25,  3425). 

Methods  of  Formation, — Glyoxylic  acid  is  obtained  by(i)  oxidizing 
glycol,  alcohol  and  aldehyde  together  with  glyoxal  and  glycollic  acid  ; 
(2)  by  heating  dichlor-  and  dibrom-acetic  acid  to  230°  with  water 
(B.  25,  714);  (3)  by  boiling  silver  dichlor-acetate  with  water  (B.  14, 
578);  also  from  hydrazi- acetic  acid  (p.  366). 

Properties. — It  is  a  thick  liquid,  readily  soluble  in  water,  and  crys- 
tallizes in  rhombic  prisms  by  long  standing  over  sulphuric  acid.  The 
crystals  have  the  formula  C2H4O4.  It  distils  undecomposed  with 
steam. 

Salts. — WTien  dried  at  100°,  the  salts  have  the  formula  CjHjMeO^.  The  ammo- 
nium salt  alone  has  the  formula  C2H(NH^)03.  The  calcium  salt^  (C^HjO^^jCa, 
crystallizes  with  one  and  two  molecules  of  water  (B.  14,  585),  and  is  sparingly  solu- 
ble in  water. 

Dt'portment. — Glyoxylic  acid  manifests  all  the  properties  of  an  aldehyde.  It  re- 
duces ammoniacal  silver  solutions  with  formation  of  a  mirror,  and  combines  with  pri- 
mary alkali  sulphites  (p.  I91),  with  phenylhydrazine  (B.  17, 577),  with  hydroxylamine, 
thiophenol  and  hydrochloric  acid  (B.  25,  3426).  When  oxidized  (silver  oxide),  it 
yields  oxalic  acid  ;  by  reduction  it  forms  glycollic  acid  and  racemic  acid,  CO,H  .- 
CH(OH).  CH(OH)COOH.  On  boiling  the  acid  with  alkalies,  glycollic  and  oxalic 
acids  are  produced  (B.  13,  1931). 

This  reaction  is  extramolecular.  It  completes  itself  by  the  intramolecular  rear- 
rangement of  the  glyoxal,  under  like  conditions,  into  glycollic  acid: 

COOH  COOH  COOH 

^  CHO     +  "»^  "^  CHjOH  +  COOH 

Glyoxylic  Glycollic  Oxalic 

Acid  Acid  Acid. 

When  hydrocyanic  and  hydrochloric  acids  act  upon  glycollic  acid,  a  like  transpo- 
sition ensues.      See  conversion  of  urea  into  allantoin. 

The  acids  obtained  by  the  condensation  of  formic  ester  with  acetic  ester  and 
mono-alkyi  acetic  esters  are  unsaturated  /?-oxy-acids.  They  were  formerly  thought  to 
be  /?-aldehydo-acids.  Formyl  Acetic  Acidy  CHO  .  CH, .  COOH,  is  of  this  class. 
Oxy-methyleue  Acetic  Acid^  HO  .  CH  :  CH  .  CO^H,  is  another.  These  oxy-methylene 
fatty  acids  have  been  already  described  in  connection  with  the  oxy-paraffin  carboxylic 
acids  (p.  j6l). 


NITROGEN    DERIVATIVES   OK   THE   ALDBHVDO-ACIUS. 


UNSATURATED  ALDEHVDO-ACIDS. 

MucixAlaric  Acid,  ihc  hair-aldehyde  of  dichlormaleic  acid,  CHO.CCl  =  Ca,CO,H. 
Helling  at  I25<>,and  jnuco^PWHiV  irrrV,  CHO.  CBr^CBr.  C(.),H,  meUing  at  122° 
K  18,  1SS6),  [nodaced  in  (he  action  of  chlorine  and  bromine  upon  pyrooiucic  acid, 
ir.^  ptnbgbly  subslilulion  derivali»es  of  the  nnknown  acid  CHO  .  CH  =  CH  .  CO,H 
Beilslcin,  L.  Jackson  and  Hill).     Furthermore,  ihc  following  consliluiional  formula 

XC.CH- ^011  _ 

laa  been  proposed  for  these  acids i       u.    p„>0  (A-  239,177).     This  would 

eem  to  iiidicsle  lllll  the  acids  ore  j-oxy  la  clones  (compare  ;  -ketoDC  carboxylic  acjdt). 

BrC.CHO.CO.CH, 
iiflyl  MuiatiBmU  Add.       \\       >0  ,  inelts  al  so". 

BrC.CO 
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Diazoaceiic  acid.  N.CH  .  CO,H,  is  the  most  remarkable  derivatiw 
of  glyoxylic  acid.     As  it  contains  two  doubly-linked  nilrogei 
it  maybe  compared  lo  the  aromatic  diasO'boiiifs  (see  diazobenzene). 
However,  in  the  latter  llie  extra  affinities  of  the  diazo-group  — N=N — 
or  ^N=N   are  combined   to   two  atoms;  while  in  diazoacetic  acid 

they  are  joined  to  a  single  carbon  atom,  iipcn.CO,il.     Separated! 

by  acids  from  its  salts,  it  undergoes  an  immediate  decom|)osition,  ban 
it  is  quite  stable  in  its  esters  and  its  amides.  T 

The  sodium  salts  of  the  diazo-acids  have  been  prepared  by  reducing. 
the  isonitramine  fatty  acids  (p.  360)  with  sodium  amalgam  (W.  Traube»a 
B.  29,  667): 

HO,N,CH,CO,H  +  iH  =  iH,0  +  N, :  CH  .  CO,H. 


I 


The  esters  of  the  diazo-£ 
the  hydrochlorides  of  the 
1883.  B.  29,  759): 

HCl.(H,N)CH,.CO,C,Hs 


s  result  when  potassium  nitrite  acts  upon] 
nido-fatty  acid  esters  (p.  355)  (_Curtiu8,S 


The  diaio  acids  ore  very  volalile,  yellow- colored  liquids,  willi  peculiar  odor.j 
They  distil  undecomposed  with  ileam,  or  under  reduced  pressure.  'I'liey  1 
slighity  aolubie  in  water,  hut  mix  readily  with  alcohol  and  ether.  Like  acetoace 
eiler,  ihey  are  feehle  acids;  the  hydrogen  of  theit  CIIN,-g[oup  can  ix  replaced  \ 
alkali  melals.  This  change  may  b«  effected  by  the  aclion  of  alcohol  ales.  Am 
alkalies  gradually  saponify  and  dissolve  them,  with  the  formation  of  sails,  CH.  ,. 
CO,Mc.  Acids  decom|Kise  these  at  once  with  Uic  evolution  of  nlirogen.  Sodiiug 
amalgam  reduces  them  in  hydraiino.acids  (B.  ag,  667). 

Sodium  diiaautlati.  yellow  in  color,  dissolves  with  ciireme  ease  in  water.     ' 
reaction  of  its  solution  is  nlkniine. 

Ethyl  Dlacoacctaie,  CHN, .  CO,  -  C,lf,.  bi»U  at  143-144'  (under  liO  n 
pressure) ;  it*  sp,  gr.  is  1.07J  at  ii".     Wiien  chilled  ii  solidifies,  forming  a  leafjrtl 
crystalline  ma^,  meliing  pi  — Z4°.     It  ei^plodes  with  violence  when  hrouglil 
tact  with  concentrated  sulphuric  acid.     A  blow  docs  not  have  this  etfecl. 
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feeble  acid.  Its  mercury  saU^  Hg(CN, .  CO,  .  C,IIj),,  melts  with  foaming  at  104®. 
It  results  when  yellow  mercuric  oxide  acts  upon  diazoacetic  ester.  Tlie  mixture 
should  be  well  cooled.  It  separates  from  ether  in  transparent,  sulphur-yellow, 
rhombic  crystals.  Concentrated  ammonia  converts  it,  like  all  other  esters,  into  an 
amide,  diazoacetamide,  CHN,  .CO.NH.,  melting  at  114°  with  decomposition. 
When   diazoacetic  ester  is  reduced   it   brealcs  down  into  ammonia  and  glycocoll. 

NH 
Hydratiacetic  acid,   1     }>CH  .  COjH,  stable  only  in  the  form  of  its  salts,  is  an  inter- 
mediate product.   Acids  decompose  it  into  hydrazine  and  glyoxylic  acid  (B.  27,  775). 

The  diazo  compounds  of  the  marsh-gas  series  are  especially  reactive.  They  split 
off  nitrogen,  and  its  place  is  taken  either  by  two  univalent  atoms  or  radicals. 

(I)  The  diazo-esters  are  converted,  by  boiling  water  or  dilute  acids,  into  esters  of 
the  oxY'fatty  acids  (glycol  acids,  p.  330) : 

CHN, .  CO, .  CjHj  -f  HjO  =  CH,(OH) .  CO, .  CjH^  -{-  N, 

Ester  of  GlycoUic  Acid. 

This  reaction  can  serve  for  the  quantitative  estimation  of  the  nitrogen  in  diazo- 
derivatives.     (2)  Alkyl  glycoUic  esters  are  produced  on  boiling  with  alcohols : 

CHN, .  CO, .  QHj  -f  CjIIj .  OH  =  CH,(0 .  CjH^) .  CO, .  CjHj  -f  N, ; 

Ethyl  GlycoUic  Ethyl  Ester. 

a  small  quantity  of  aldehyde  is  produced  at  the  same  time. 

(3)  Acid  derivatives  of  the  glycoUic  esters  are  obtained  on  heating  the  diazo-com- 
pounds  with  organic  acids : 

CHN, .  COj .  Cjllj  4-  C,HsO .  OH  =  CH,(0  .  CjH^O)  .  CO, .  CjHj  +  N,. 

Acetic  Acid.  Aceto-glycollic  Ester. 

(4)  The  haloid  acids  act,  even  in  the  cold,  upon  the  diazo-compounds.  The 
products  are  haloid  fatty  acids  : 

CHN, .  CO, .  CjHg  -f  HCl  _r  CH,C1 .  CO, .  C,H5  +  N,. 

(5)  The  halogens  produce  esters  of  dihaloid  fatty  acids  : 

CIIN,.  CIT,.  r,H5-f  I,  =  CHI,.CO,.C,H5-f  N,. 

Di-ioilo-aceiic  Ester. 

Diazo  acelamide  is  changed,  in  a  similar  manner,  to  di-iodo-acetamide,  CHI,. 
CO.  NH,.  By  titration  with  iodine  it  is  possible  to  employ  this  reaction  for  the 
quantitative  estimation  of  diazo-fatty  coni|X)unds  (B.  18,  1285). 

(6)  The  esters  of  anilido-fatty  acids,  C^H^ .  NH  .  CH, .  CO,R,  result  from  the 
union  of  the  anilines  with  diazo  esters.  (7)  They  revert  to  the  araido-acids  upon 
reduction  (with  zinc  dust  and  glacial  acetic  acid).  Hydrazine  fatly  acids  are  inter- 
mediate p^roducts.     These  are  not  very  stable  (B.  17,  957). 

(8)  The  esters  of  the  diazo-fatty  acids  unite  with  aldehydes  to  form  esters  of  the 
keionic  acids,  c.  g.^  henzoylacetic  ester,  Cgllj  .  CO.  CM,.  C( '^ .  C^H^  (B.  18,  2379). 

(9)  Diazo  acetic  ester  produces  a  peculiar  ester  by  its  union  with  benzene.  This 
compound  is  isomeric  with  phenyl  acetic  ester,  C-H^.  CH,.C0,C,H5  (B.  18,2377). 
It  probably  has  one  of  the  following  constitutional  formulas : 

.CH  XH. 

CH^    I    ^CH  CH^       ^CIL 

II       HCX   II  or         I  I     >CHX. 

cil    i    xh  ch.       ,q\v 

Vh^  Vh^ 

in  which  X  represents  the  group  COjCjHj  (B.  29,  108). 
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and   (he  eslers  of  tbe  unsalutaled   acids  (acrylic, 
ildiiive  products,  which  cryslalliie  well : 

CH,  cn,R.c cii, 

II       +   N,CH.CO,R   =  II  I 

RO,C.  CH  N-NH— CH.  CO,R 

Acrylic  E»trr        Oiaa»Mirc  Esier       j.  ^-Pyraiolinc  Dicatboiyiic  Esicr, 

of  heat  ollrogen  h  split  off,  uid  an  esXvr  oj  trimetbylca 


vaults : 


;.<!:h/ 


CH, 

I       ^CH-CO,R 
RO,CCH  ' 
rrlmcthyleiie-diCBrbDiyilc  EeIi 


Starting  with  diazoacetic  esters  Curtius  obtained  liiamiile  at  hy<fra-\ 
tint,  NH, — NH,  (B.  37,  775)  and  from  the  laHer  hydronilrie  acidM 
N,H,  hydrazoic  add. 

Trimo-atelic  Acid,  Triazo-lrimelhylene-tticarbtuylic  acid, 
,N,  — CHCO,H 
CO,tI,CH^  >N,      , 

^N,  — CHCOjH 
product  of  diuo>ace(ic  acid,  U  the  starting-oul  msteriul  for  the  | 


ft  polym. 
preparation 

It»»odiuiDsB.U  is  formed  when  concentrated  sodium  hydroxide  acisupondiaio-ai 
etiler;  it  crystallites  with  jH,0  in  brilliant,  orange-yellow  plates,  which  melt 
ai  152°  when  rapidly  healed  (B.  al.  K.  133,  196).  The  acid  is  almost  insotuhle  in 
cold  water,  ether  and  beniene,  but  soluble  in  alcohol  and  glacial  acetic  acid.  The 
sodium  salt  dissolves  with  difficulty.     The  free  acid,  on  beating,  breaks  down  into 

N.NH.CHt  N. NH 
CO,  and  colorleis,  crystalline  TrimethiHt-lnmimidt.  j  ]      t?). 

ir  mineral  acids  is  resolved  in 


C,H,N,(CO,H),-f  6H,0  =  3C,!1,0,+3N,H.. 


OxiracB.— 0-ri>(./o-ffi-«(>  Atid,  HO.  N  =  CHCO,H,  melting  at  137°,  isfonr 
from  glyoxylic  acid  and  hydroxy  I  amine,  as  well  as  from  dichlor-  and  dibromacetic 
acid  by  means  of  hydroxylaniine  and  caustic  potash.  Oximida-acetie  Etkyl  Etier,  a 
thick  oil,  is  changed  by  oxidation  to  dioxo-succinic  dtoxime-pcroxide  (B.  aS.  I3tj)- 
Oximido-attliiaciHc  Add,  CO,H  .  CH  =  NO  .  CII,  .  CO.H,  melting  at  iSl",  results 
from  oximido-acetic  acid  and  chlor-acetic  acid  in  alkaline  solution  (A.  a8g.  39S). 
OximidoacetonUrilt  AntaU,  CH,.  CO  .  ON  =^  CH  .  CN,  melts  at  46*  (B.  35,912). 
^OximidBprapiimir  Achi,  HO.N  =  CLi.  CH,.CO,H,  melts  at  H?"  with  foam- 
ing.  It  ii  formed  when  hydroxylamine  acts  on  coumalic  acid  (A.  364,  286:  B.  as, 
1004).  It  is  the  oiime  of  the  half-aldehyde  of  malonic  acid,  which,  however,  is 
Inown.  but  rearranges  itself  to  oxyniethylene  acetic  acid  (p  361). 

Hydrazones.— I'henylhydrazone  Glyoxylic   Acid.  C.HjNHN 
CH .  CO,H,  melts  with  decomposition  at  137°  (A.  228,  353)-     Ci 

N  ■   - NH 

pare  phenyl  hydrazido-aceiic  acid.     Pyrazolon,  ||  I    ,  is  the 

CH.CH,,CO 
iactazam,  which  may  be  derived  from  the  unknown  haif-aldehyde  of 
malonic  acid  (see  nxymeihylene  acetic  acid,  [t.  361  }■  " 


I 


he 
of 

I 
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9.  KETONIC  ACIDS. 

These  contain  both  the  groups  CO  and  COjH ;  they,  therefore, 
show  acid  and  ketone  characters  with  all  the  specific  properties  pecu- 
liar to  these.  In  conformity  with  the  manner  of  designating  the  mono- 
substituted  fatty  acids  and  the  various  diketones  (pp.  274  and  321),  we 
distinguish  the  groups  a-,  /9-  and  y-  of  the  ketonic  acids: 

CH, .  CO .  CO.H        Jh,  .  CO .  CH, .  CO,H         CH, .  & .  CH, .  CH, .  CO,H 

a-Ketonic  Acid  /^Ketonic  Acid  >-Ketonic  Acid 

Pyroracemic  Acid  Acetoacetic  Acid  Lcevulitiic  Acid. 

The  a-  and  y-acids  are  quite  stable,  even  in  a  free  condition.  This  is 
only  the  case  with  the  /9-acids  when  in  the  form  of  esters.  If  they  are 
set  free  from  these  they  readily  decompose. 

The  names  of  the  ketonic  acids  are  usually  derived  from  the  fatty 
acids,  inasmuch  as  the  acid  radicals  are  introduced  into  these; 
^.  g'  y— 

CH3 .  CO .  CO.H         CH, .  CO .  CH, .  CO,H         CH,CO .  CH, .  CH, .  CO,H 
Acetyl-formic  Acid         Acetyl-  or  Aceto-acetic  Acid  /^Acetyl-propionic  Acid. 

or  these  acids  should  be  viewed  as  y^^/^^-substitution  products  of  the 
fatty  acids  or  oxofatty  acids  (p.  211): 

CH3 .  CO  .  CO,H        CH, .  CO .  CH, .  CO,H        CH, .  CO .  CH, .  CH, .  CO,H 

a-Ketoproplonic  Acid  ^-Ketobutyric  Acid  y-Kelovaleric  Acid 

o-Oxopropionic  Acid  ^-Oxobutyric  Acid  y-Oxovaleric  Acid. 

The  **  Geneva  names  "  are  formed  by  the  addition  of  the  word  "  acid  "  to  the 
name^  of  the  ketones,  as  the  ketonic  acids  may  be  considered  as  the  oxidation 
products  of  the  latter : 

CHsCOCO^H  CHjCO .  CH,CO,H  CH,COCH,CH,CO,H 

[Propanon  Acid]  f2-Butanon  Acid]  [3-Penlanon  Acid]. 

Formation. — The  more  stable  a-,  ;'-  and  ^-ketonic  acids  can  be  pre- 
pared by  the  oxidation  of  the  secondary  alcohol  acids  corresponding 
to  them.  Other  methods  will  be  given  under  the  individual  classes 
of  these  acids. 

Transformations. — The  ketone  nature  of  these  acids  manifests  itself 
in  numerous  reactions,  e.  g.y  nascent  hydrogen  converts  all  the  ketonic 
acids  into  the  corresponding  alcohol  acids.  They  unite  with  alkaline 
sulphites,  with  hydroxylamine,  and  with  phenylhydrazine. 


A.  PARAFFIN  KETONE  CARBOXVLIC  ACIDS. 

a-Ketonic  Acids— R.  CO  .  CO^H. 

In  this  class  the  ketone  group  CO  is  in  direct  union  with  the 
acid-forming  carboxyl  group,  CO^H.  We  can  view  them  as  com- 
pounds of  acid  radicals  with  carboxyl,  or  as  derivatives  of  formic  acid, 
HCO  .  OH,  in  which  the  hydrogen  linked  to  carbon  is  replaced  by  an 
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acid  radical.  This  view  indicates,  too,  the  general  synlhttic  method  I 
of  foimation  of  these  acids  from  the  cyanides  of  acid  radicals  (p.  370),  ( 
which,  by  the  action  of  concentrated  hydrochloric  acid,  are  changed  I 
to  the  corresponding  keionic  acids; 

CH,.CO.CN  +  aH,0+  IICI  =.  CH,.C0.CO,H  -\-  NH.Cl. 

(i)  Pyroraccmic  Acid,  Pyruvic  Acid  (acetyl  formic  acid),  IPra- 
fanon  Acid],  CHj.CO.CO.H,  melting  at +3=  and  boiling  ai  61° 
(12  mm.),  was  first  obtained  in  the  distillation  of  tartaric  acid,  i 
racemic  acid  (Berzetius,  1835)  and  glyceric  acid,  (i)  The  acid  is  I 
made  by  the  distillation  of  tartaric  acid  alone  (A.  17a,  142)  or  with  I 
potassium  bisulphate  (B.  14,  321).  We  may  assume  that  in  this  de>  I 
composition  the  first  product  is  a-oxyacrylic  acid,  which  at  once  I 
rearranges  itself  into  pyroracemic  acid  : 


CH(OH).CO.H_co^H^ 
CH(OH).CO,H 


C(OHjCO,H 
"CH, 


Add      PyroriceiBlc  A 


L 


It  is  synthetically  prepared  from  (2)  n-dichlorpropionic  acid  (p.  275), 
when  heated  with   water;   {3)  in   the  oxidation  of  a-oxypropionic 
acid  or  ordinary  lactic  acid  with  potassium  permanganate ;  {4)  by  I 
the  decomposition  of  oxalacetic  ester;    (5)  from  acetyl  cyanide  by 
the  action  of  hydrochloric  acid  (see  above). 

Pyroracemic  acid  is  a  liquid,  soluble  in  alcohol,  water  and  ether, 
and  has  an  odor  quite  similar  to  that  of  acetic  acid,  it  boils  at 
165-170°,  decomposing  parliallv  into  CO,  and  pyrotartaric  acid 
(2C,H,0,  =  CsH,0,  -f  CO,).  This  change  is  more  readily  effected  if 
the  acid  be  heated  tu  100"  with  hydrochloric  acid.  It  volatilizes 
without  decomposition  under  reduced  pressure.  Its  etiiyi  esUr  boils 
at  144"  (B.  a6,  R.  769,  775). 

Trnniformathm. — The  Bcid  reduces  Bnunoniacnl  silver  solutions  wilh  the  produc- 
lion  of  m  alWer  minor,  ihe  decampuBition  products  being  CO,  Uid  acetic  acid.  When  I 
belted  with  dilute  sulphuric  acid  10  150°  it  splits  up  inio  CO,  and  aldehyde,  CH, .  - 
COH.  This  ready  sepBrilion  of  aldehyde  accounts  for  Ihe  ease  with  which  pyro- 
racemic acid  enters  into  various  coudeasations,  t-g.,  Ihe  forinatiDQ  of  crolonic  acid 
by  the  action  of  acetic  anhydride  (p.  278),  and  the  condensations  wilb  dinielhyl 
aniline  and  phenols  in  (he  presence  of  ZnCI,.  The  acid  condenses  with  the  benzene 
hydrocnrbons,  in  the  presence  of  sulphuric  and,  without  decomposilion  (B.  [4,  1595; 
■6,  3071 :   n.  18,  9S7,  and  ig.  10S9), 

Pyruvic  acid  is  monnhiisic.     Its  salts  cryslatltie  with  diHicully. 
(C,H,0,),7.n  +  .l'l,0.  is  a  crystalline  powder,  soluble  with  difticully  ii 
ihe  sails  are  colored  ted  liy  ferric  chloride. 

When  ihe  acid  or  its  salts  are  healed  with  wnler.  or  if  ihe  acid  be  set  free  from 
its  ssllE  by  roineral  acids,  il  passes  inin  a  syrup  like,  oon-Tolalile  moss. 

Pyruvic  acid  forms  cryslalline  compminds  with  the  acid  alkaline  suljihiles.     It 

emliles  ihe  kelnnes  in  ihil  respect.  Nascent  hydrogen  (Zn  and  HC1,  or  HI) 
changes  il  to  ordinary  a-Uclic  acid,  CH,.  CH[011) .  CO,H,  and  dimelliyl  ri 

**  rcaptans — r  g.,  phenyl-rnercaptan,  combine  wilb  pyrotocemic  acid  lata 


I 
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CH,C(OH)(SC,H.)CO,n  (B.  a8,  263).  For  the  behavior  of  pyroracemic  acid  with 
Nil,.  NHjOH,  CjHjNH  .  NH,,  consult  ♦*  Nitrogen  derivatives  of  the  a>ketonic 
acids."  It  combines  with  CNH  to  form  the  nitrile  of  a>oxyisosuccinic  acid.  The 
change  of  pyroracemic  acid  on  boiling  with  baryta  water  into  uvitic  acid^  ^c^s' 
[l.  3.  5]{C^^8)(^^2^)j»  *"^  ^^'^  ^^^  ®'  pyfoiritartaric  acid,  is  most  interesting. 
The  uvitic  acid  formation  is  due  to  a  condensation  of  pyroracemic  acid  with  acet- 
aldehyde.  This  is  a  reaction  capable  of  wider  generalization.  For  the  condensation 
of  the  acid  with  formaldehyde  consult  tetramethylene  dioxalic  acid. 

Halogen  Substitution  Products  of  Pyroracemic  Acid. —  Trichlorpyroracemic 
Acid,  Isotrichlor-glyceric  Acid,  CCl,.  CO.  CO,H  -f-  H,0  =  CCl,.  C(OH),COOH, 
melting  at  102°,  is  produced  (I)  when  KCIO,  and  HCl  act  upon  gallic  acid  and 
salicylic  acid;  (2)  by  the  action  of  chlorine  water  upon  chlorfumaric  acid  (B.  a6, 
65^) ;  (3)  from  trichlor-acetyl  cyanide. 

Substitution  products  result  by  heating  the  acid  with  bromine  and  water  to  loo^  ; 
dibrom-pyrtnnc  acid,  CBr.H  .  C(OH),CO,H  +  H-O,  melts  at  %xf,  anhydrous, 
Tribrom  pyruvic  acid,  CBr,  .  C(OIl),  .  CO.H  -j- 11,0,  fuses  at  90°  ,  anhydrous. 
When  heated  with  water  or  ammonia,  it  breaks  up  into  bromoform,CH Br,,  and  oxalic 
acid. 

Homologies  of  Pyroracemic  Acid. 

Propionyl-carbozylic  Acid,  CjHj ,  CO .  CO.H,  boils  at  74-78°  (25  mm.). 

Butyryl-carboxylic  Acid,  C^H, .  CO  .  CO,H,  boils  at  185°  (82-S4mm.). 

Trimethyl-p3rroracemic  Acid,  (CHj)j  .  C .  CO .  COjH,  results  from  the  oxida- 
tion of  pinacoline  with  potassium  permanganate.  It  melts  at  90°  and  boils  at  185^ 
(B.  23,  R.  21). 

Nitrogen  Derivatives  of  the  a-Ketonic  Acids. 

(i).  a- Ketone  amuies  are  produced  by  the  action  of  cold  concentrated  hydro- 
chloric acid  upon  the  a-ketone  nitriles.  Pyroracemamide,  CH, .  CO .  CO  .  NHj,  melts 
at    1240.      Propiouyl  Formamiiie,  CjHgCO.CO.  NH,,  melts  at  1 16°  (B.  13,21211. 

(2)  a- Ketone  Nitriles  result  on  heating  acid  chlorides  or  bromides  with  silver 
cyanide : 

CjHjOCl  -h  AgCN  =  C^HjO  .  CN  +  AgCl ; 

and  when  the  aldoximes  of  the  a  aldehyde  ketones  are  treated  with  dehydrating 
agents,  such  as  acetic  anhydriile  (p.  326;  B.  20,  2196) : 

CHj.CO.CHzNOH  =CHj.CO.CN  +  11,0. 

The  acid  cyanides  are  not  very  stable,  and,  unlike  the  alkyl  cyanides,  are  con- 
verted by  water  or  alkalies  into  their  corresponding  acids  and  hydrogen  cyanide, 
CH, .  CO  .  CN  -h  H,0  z=  CH3 .  CO  .  Oil  -f  CNH.  With  concentrated  hydrochloric 
acid,  on  the  contrary,  they  sustain  a  transposition  similar  to  that  of  the  alkyl  cyanides 
(p.  266),  /.  e.y  carl)oxyl  derivatives  of  the  acid  radicals — the  so-called  n-ketonic  acids 
(sec  these) — are  produced.  Water  is  absorbed,  and  the  amides  of  the  a-ketonic 
acids  arc  intermediate  products  (Claisen)  : 

CH3 .  CO .  CN  il22  >cij^   CO .  CONn,^^>CIl3COCOOH  -f  NH4CI. 

Acetyl  Cyanide,  CIIj  .  CO  .  CN,  boils  at  93°.  When  preserved  for  some  time, 
or  by  tlie  action  of  KOH  or  sodium,  it  is  transformed  into  a  polymeric,  crystalline 

CH, 

compound,  (C.^HjOCNV^'  diacetyl  cyanide,  probablv  CII3  .  CO  .  C  —  C  .  CN  (B.  26, 

I         I 
N  — O 

R.  780).    This  melts  at  69°  and  boils  at  208°. 

Diacetyl  cyanide  is  also  pro<Iuced  by  the  action  of  potassium  cyanide  uix)n  acetic 
anhydride  (B.  18,  256).     See  Isomalic  Acid. 
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Propionyl  Cyuiide,   CH,.  CH,.  (_U.  CN,   boils  ■[   loS-iic 
Cyanide,  (C,HjO.CN)„  melis  at  59°,  and  boils  U  200-210°  (B.   isl  K.  Ho).  i 
Butyryl  Cyanide,  C,H, .  CO.  CN,  boils  at  133-137°  1  iaobuiyryl  cyanide,  C,H, .-  ' 
CO .  CN,  at  1 18-1 20".      These  polymcrUe  readily  lo  dkyaiiides,  which  pass  ink 
alkyliiutiuiiic  acids  on  treaimenl  with  hydrochloric  acid. 

( jl  EthylimidepyrMiyt  tkloHJe,  CH,CO  .  CC] :  N  .  C,' 
need  by  Ihe  uaioo  d[  chloiacelyl  with  elbylisocysnide  {A 

14}  t^/aruoni/rojunrf/ow/,  CIIjCOC(NoH)Cl.incUiiigBl  105",  is  formed: 

(l )  By  the  nclion  of  nitric  acid  upon  cbloracelone  ; 

(1)  By  the  actioa  ol  chlarine  upon  isonitrosoacetone  . 

(3)  When  hydrochloric  acid  aeis  upon  acclyl  meihyl  nitrollc acid,  CH,.CO.C- 
{=  NOHjONO  or  CH, .  CO  .  C(  =  NOH)NO,_lhe  product  resulting  from  (he  aeliun 
of  olbric  acid  upon  acetone  [A  277,318).  The  wmw.  CHj  .  C:  NOH  ,  C(;  NOH)- 
O .  NO,  of  ihia  acid  melts  at  97°  with  decominsition. 

(5)  ImulopyToratemH  And,  CH,C(NH  )CO,H,  is  formed  when  ammonia  ads  U|>on 
pyroracemic  acid,  and  when  il  decomjmses  a  piculine  dicuboxylic  acid  results — uvi- 
la«i,-  aeid:  by  the  action  of  aniline  the  products  are  Anill^ruvir  And.  CH, .  C{:  N  .- 
C,[I,)CO,H,  which  fuses  at  ilh"  with  decomposition  {B.  17,  R,  508)  and  a  quioo- 
line  cRilx>iyiic  acii!.  amlin-itonic  aeid. 

(6)  aOriBiida-fatty  Aeids.tsxaximKial  the  a  ketonic  acids,  result  (l)by  the  action 
of  bydroxylamine  upon  n-kelonic  acids,  and  (2)  when  nllmus  acid  acts  upon  1 
■Ikyt  Bcetoacelic  esters  (B.  15,  1527).  In  the  latter  case  (he  acetyl-group  is  displaced  d 
(B.  II.  693),  Acetic  anbyilride  changes  lliese  acids  lo  acid  nilrilcs  ;  carlion  dioxide  J 
being  eliminated.  I 

n-Oj(«iflii-/lf«//nnf(.^n^,  Isonilroso-propionic  Acid.CH,  .C  —  N(OH).CO,H,  J 
decomposes  at  1770.  a-Oiimido-fropienu  Ethyi  Eilir,  CH.C  =  N(0H)C0lC,H»,.1 
melts  at  94°  and  boils  at  238°  {B.  37,  R,  470'!,  a-OximiJo-frBfioniimidt,  CH,.-f 
C:  N(OH)CONH,.  melts  ■!  174"  (B.  a8.  R.  766).  a-Oxmidg-propivn-aeetic  AdJ,\ 
CH,C:NiO.CH,CO,H)CO,H,  melisat  131°  (B.  ag,  R.  169).  a-Ox)mido~iutyrie% 
AH.I,  CH,-CH,C  =  (NOniCn,H.  and  olher  n-oximido-acids  are  known.  n-Ox-  T 
iiHido-diirom-Pyreratemic  Aiidhts  been  obtained  in  two  modiflcMions  (B.  is,  904).  1 
Nil  ' 

{j) /fydratiprapiiMic  Eiiy/ Et/er,  I       >C(CH,)CO,C,Hj.    melting  at   IlS-tl?" 

Mercuric  J 
into  n-diaiopropionic  methyl  ester. 

"\  . 

(8)  a- Diac-frnfiBnic  Esler,  \\   ;C(CH,)CO,C,H.,  is  a  yellow  oil,  obluned  from  ■ 

N^  1 

the  hydrochloride  of  alanine  elhyi  ester. 

(9)  PAiHylhydrauite-py>-ayaeer,iuA,-y.  CI1,C(N  =  NHC,H,)COiH.  melts  with  I 
iecomposilion  about  192°.  and  is  not  only  formed  by  the  action  of  phenyl  hydra.''   ~ 

upon  pyroracemic  acid  (B.  at,  9S4),  but  also  in  the  saponification  of  the  reacli 
product  from  diaiobeniene  chloride  and  meihyl  uceloacetic  ester  (B.  ao,  2942,3398; 
II,  15  1  A.  178,  a^i\. 

(10)  a-Amidethio!a,-lU  Acid.  CH,C(SH)(NH,) .  CO,H  (see  p.  347), 

j9-Ketonic  Acids. 

In  the  (3-ketonic  acids  the  ketone  oxygen  atom  is  attached  to  the  j 
.second  carbon  atotii,  counting  from  the  carboxyl  group  forward. 
These  compounds  are  very  unstable  when  free  and  when  in  the  form  1 
of  salts.  Heat  decomposes  them  into  carbon  dioxide  and  ketones.  I 
Their  esters,  on  the  other  hand,  are  very  stable,  can  be  di.stilled  with-  1 
out  decomposition,  and  serve  for  various  and  innumerable  sratheses.      I 

The  (9-.  y-'  aiiil  J-ki:lonic  acids  can  also  be  considered  as  ketones  in  j 
*'hich  an  hydrogen  atom  has  been  replaced  by  carboxyl. 
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/?-acids,  which  lose  CO,  readily,  the  carbonyl  (CO)  group  and  the  COjH 
group  are  attached  to  the  same  carbon  atom  (compare  malonic  acid). 
Acetoacetic  Acid,  Acetone-raonocarboxylic  Acid,  CH,.CO.- 
CHj.COjH,  /5-Ketobutyric  Acid  [Butanon  Acid].  To  obtain  the 
acid,  the  esters  are  saponified  in  the  cold  by  dihite  potash,  or  the  barium 
salt  is  decomposed  with  sulphuric  acid,  and  the  solution  shaken  with 
ether  (B.  15,  1781;  16,  830).  Concentrated  over  sulphuric  acid, 
acetoacetic  acid  is  a  thick  liquid,  strongly  acid,  and  miscible  with 
water.     When  heated,  it  yields  carbon  dioxide  and  acetone : 

CH, .  CO  .  CH  , .  CO,H  r=  CH,  .  CO .  CH,  -f  CO,. 

Nitrous  acid  converts  it  at  once  into  CO,  and  isonitroso- acetone  (p.  326).  Its 
salts  are  not  very  stable.  It  is  difficult  to  obtain  them  pure,  and  they  sustain  changes 
similar  to  those  of  the  acid.  Ferric  chloride  imparts  to  them,  and  also  to  the  esters, 
a  violet-red  coloration.  Occasionally  the  sodium  or  calcium  salt  is  found  in  urine 
(B.  16,  2314). 

The  stable  acetoacetic  esters,  CH, .  CO  .  CH, .  CO,R,  are  produced 
by  the  action  of  metallic  sodium  upon  acetic  esters.  In  this  reaction 
the  sodium  compounds  constitute  the  first  product.  The  free  esters 
result  upon  treating  their  sodium  compounds  with  acids,  e,  g,y  acetic 
acid.  They  are  obtained  pure  by  distillation.  The  acetoacetic 
esters  are  liquids,  dissolving  with  difficulty  in  water.  They  possess  an 
ethereal  odor.     They  can  be  distilled  without  decomposition. 

The  esters  of  acetoacetic  acid,  contrary  to  expectation,  possess  an 
acid-like  character.  They  dissolve  in  alkalies,  forming  salt-like  com- 
pounds in  which  an  hydrogen  atom  is  replaced  by  metals. 

Constitution. — Many  reactions  of  acetoacetic  ester  are  more  simply  explained  by 
granting  that  it  or  its  sodium  compound  has  the  constitution  of  /?  oxycrotonic  ester, 
CH,.C(OH):CH.C02C2H5  and  CHjCCGNa)  ^  CHCOjC^H^.  However,  in 
studying  the  oxymethylene  bodies  we  learned  to  know  derivatives  possessing  the 
atomic  arrangement — C(OH) :  CH — as  represented  in  the  ^-oxycrotonic ester  formula 
and  were  then  convinced  that  their  deportment  was  much  different  from  that  shown 
by  acetoacetic  ester. 

The  physical  properties  of  the  ester,  its  refraction  (p.  65^,  its  molecular  rotation 
and  its  behavior  toward  the  electric  waves  (p.  69)  have  also  been  determined,  and  it 
has  been  found  that  they  harmonize  with  the  ketone  formula,  CH3.CO.  CH, .  CO,- 
CjH^,  alone  (compare,  however,  B.  29,  1723).  The  conduct  of  acetoacetic  ester  to- 
ward orthoforniic  ether  is  strong  proof  of  its  ketone  nature.  It  reacts  like  the  ketones 
with  it,  forming  /^diethoxybutyric  ester  and  formic  ester  (Claisen,  B.  29,  1006) : 

CO2CJL .  CH„  COX»H,CH„ 

'  '  ^  I   '  +  Hcrocju,  =r  I 

CII3CO    ^         ^2    5/3  CHaqOCjHs)^ -f  H.COOC,H5. 

However,  the  question  whether  the  sodium  salt  docs  not  probably  have  the  formula 
CH5 .  C(ONa) :  CII .  CO2C2H5  instead  of  CH^  .  CO  .  CHNa  .  CO, .  C^Hj,  is  at  present 
still  unanswered  (A.  277,  162). 

Historical.  — \w  1863  Geutber  investigated  the  action  of  sodium  upon  acetic  ester. 
Simultaneously  and  quite  independently  of  Geuther,  Prankland  and  Duppa,  in  con- 
cluding their  studies  upon  the  action  of  zinc  and  alkyl  iodides  upon  oxalic  ether 
(p.  331),  investigated  the  action  of  sodium  and  alkyl  iodides  upon  acetic  ester. 
J.  Wislicenus  has  contributed  very  materially  to  the  explanation  of  the  reactions  here 
involved  (1877),  A.  186,  161. 


As  the  ^-ketontc  acids  are  s 
are  employed  in  their  study, 
foliowing  reactions: 
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I 


I 


iBtable,  their  more  stable  esters 
ran  be  made  according  to  the 


Formation  of  Acetoacetic  Ester  and  its  Homologucs. 

(i)  By  the  action  of  sodium  or  sodium  aicoholaie  upon  acetic  esler. 
These  reagents  act  similarly  upon  propionic  ester,  wiih  the  formation 
of  «-pro|iionyl  propionic  ester.  CH, .  CH, .  CO .  CH(CH,).CO, .  C,H^. 

However,  wheo  sodium  acts  upon  normiil  butyric  csler,  i&obulyric  eiler  and 
isovaleric  ester,  it  is  not  ibe  STiftlogous  liodies  whicb  result,  but  oxyatkyi  derivatives 
of  higher  fatty  acids  (B.  aa.  R.  22). 

The  formation  of  acetoacetic  ester  from  acetic  ester  is  due  to  ihe 
elimination  of  alcohol  from  two  molecules  of  acetic  ester  by  the  acliiin 
of  sodium  ethylate.  Claisen  considers  that  the  addition  of  sodium 
ethylaie  to  a  molecule  of  acetic  ester  precedes  Ihe  splitting-ofT  of 
alcohol.     A  derivative  of  ortho-acetic  acid  is  formed  at  first  (p.  234)  : 

^ONa 

which  rearranges  itself  with  a  second  molecule  of  acetic  ester  to 
sodium  acetoacetic  ester  and  alcohol : 

,OC,H. 
CH, .  cAdC,H,  +  CH, .  COOCLH,  =  CFI.CtONa) :  CHCO.C.H,  +  iC.TI.OH. 
^ONa 
This  view  is  based  on  tlie  followiog  facts:  (i)  The  candensaLion  uf  the  two  mole- 
cules of  acetic  ester  can  be  effected,  if  less  com|iletely,  by  sodium  elliytatc  (instead  of 
sodium),  (z)  It  hu  been  shown  in  regard  to  certain  acid  esters,  e.g.,  benzoic  ethyl 
ester,  th«,t  llieji  really  combine  with  iodjum  ethylate  lo  yield  oitho-iierivativcs  of  the 
kind  mentioned,  (j)  la  other  condensations,  manifestly  analogous  to  the  e»tet  fot- 
malioii,  t,g.,  the  action  of  formic  esler  upon  acid  eslers  or  ketones,  (he  reaction  pro- 
ceeds very  certainly  to  a  marked  degree  in  the  direction  indicated,  with  Ihe  formaiiiin 
of  sodium  Dxyt- compounds,  f-^.,  CO,  .  C,Hg  ,  CH  :  CIlONa.  (4)  In  the  action  of 
sodinm  upon  isobutjric  esler,  in  which  the  scheme  of  Claisen  is  no  longer  possible,  a 
very  different  tranipiuition  actually  takes  place. 

(j)  The  transposition  of  the  sodium  derivatives  of  the  acetoacetic 
esters  and  mono-alkyiic  acetic  esters  with  alkylogens,  especially  alkyl 
iodides  and  bromides. 

(a)  In  acetoacetic  ester  only  one  hydrogen  atom  of  the  group  CH, 
is  replaceable  by  sodium.  (^)  By  double  decomposition  through  the 
agency  of  alkyl  bromide  or  iodide,  one  alkyl  group  can  be  introduced 
for  this  sodium  atom,  (f)  In  these  mono-alkylic  acetoacetic  esters 
the  second  hydrogen  atom  of  the  methylene  group  of  acetoacetic 
ester  can  be  replaced  by  sodium.  The  products  are  the  sodium  com- 
pounds of  Ihe  mono-alkylic  acetoacetic  esters.  ((/)  If  alkyl  iodides 
or  bromides  be  again  [permitted  to  act  upon  these  last  derivatives,  a 
second  alkyl  group  may  be  introduced,  yielding  dialkylic  acetoacetic 
esters,  containing   like  or   unlike   alcohol    radicals.     The    following 


J 
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equations  represent  the  reactions  jusi  discufiscd.     By  means  of  thrnol 
I  very  many  iJ-keionic  acid  ealers  have  been  prepared : 

■='^n"„'::r--"--.....o«, 

„  |CO.<^H.)CHN.^  ,^„  _  |CO,C,H.)CH    Cll, 

i, ,  CO 


i<-)"^:;:;S'^-"-^-«^»- 


I^ICH, 


lco.c.iyc<CHj  J 
'  '        CH, .  Co 

'   ^   '        CK,.CO 

(3)  A  univpissl  melhod,  tnt 
j9-ketoa!c  acids,  ouiibisu  in  nl]( 
tttiy  iciili.     The  iinti  pnxlucti 


CII, .  CO 


^  (CO,C,H,)C<^jJ» 
CH,  .  (I«       ' 


wcring  for  the  lynthes 
iwing  fciric  chloride  10 
ID  this  instance  are  keli: 


i  of  the  tUen  ot  the  hlgherl 
icl  upon  the  chlorides  of  ihef 
lie  chlorides : 


2C,Hs .  CO .  CI  =  Cjll,  -  CO .  CH<^^J|  +  iiCl. 

Thfiechloride^,  onirealment  «riih  water,  spIitotrCO,Biidbecc>meket(>n«{p.  log).  I 
If  alcaholn  be  employed,  the  products  are  ielenic  nlen  (Hamonci,  H.  ji,  R.  766). 

This  inrlhod  i.to  permits  of  the  preparation  of  ^-ketooic  eilets  ftoin  the  bighf 
fWty  acid  chlorides,  '.  g. ,  butjriyi  chloride,  cenanlhjlic  chloride : 


UtT  and  ikt  AtkyI  Actteacetii  Eilrri. — S^xtj  parte 
of  metallic  lodiutD  ore  gradually  diaiolred  in  2000 
parts  i>rpureelhyl  acetic  ester.  The  excewoflhe 
latter  is  distilled  oH,  On  coohng,  the  mass  aoltdi- 
fies  lo  a  mixure  of  sodium  acetoflcetic  ettei  and 
sodium  elhylate.  1'he  mass  remaining  liquid  fi 
iniied  with  acetic  acid  (50  per  cent.)  in  slighl  ex. 
cess.  I'he  oil  separated  and  lloaling  on  the  sur- 
face of  the  water  is  siphoned  off,  dehydrated  with 
cnlcium  chloride,  and  fracllonalcd  (A.  186,  it4, 
and  ai3,  137).  For  the  preparation  of  the  dry 
sodium  compound,  see  A.  aoi,  14,^. 

For  the  preparation  of  the  alkyl  uetoaeed 
e«ien  according  lo  the  second  method,  ii  is  nc 
ncccstary  10  prepare  pure  sodium  compounds.  T 
■he  scetoacelic  esler  dIssoUed  In  10  times  it 
voliitne   of  absolute  alcohol,   add   an   equiTala: 

ium  and  then  the  alkyl  iodide,  aCiCT 
which  heat  is  applied.  To  introduce  a  second 
alkyl,  employ  again  an  equivalent  quantity  of  Ib« 
sodium  alcohol  ate  and  the  alkvl  ioKJide  (A.  iM, 

.     .  .    ^E  sodium  hydroxide 

nmy  be  sul^tiluted  for  sodiuni  ethyli 
syntheses  {A.  950,  123]. 

Or,  sodiuni  is  allowed  to  act  upon  the  Sodiuni 

■   dlssolTcd   in    some    indifferent 

,  benrene.  toluene,  nylene.      To  get   the  sodium   in  a  finely 

a  perfectly  untarnished  surfact     '  '-  ' ' 


1 


by  a  sodium  press  (Fig,  lo)  into  (he  diluent  or  sqIvcui.  The  Krealer  oi  leu  firmiiesa  | 
wtth  which  the  halogen  mom  to  be  replaced  is  attached,  delemiines  ihe  choice  of  ihe 
indilTercni  solvent.  In  mnny  of  thesn  iranspipilions  it  has  been  found  uecessary  Ic 
allow  Lhe  ladiiiin  deriialire  of  the  rcipeclive  ^-ketonic  ester  to  act  fur  day^  upon  the 
halogett  substitution  product  at  the  l«iling  lemperalure  of  Ihe  solTent  (cotnpatc  A. 
*59.  iSl). 

Transposithns  of  lhe  ii-KelonU  Esters. 

(nj)  On  heating    the   mono-  or  dialkylic  aceloacetic  esters  with  | 
alkalit-s   in   diiuie   aqueous  or    alcoholic   solution,    or  with    bariui 
hydroxide,  they  decompose   after   lhe   manner  of  acetoaceiic  esters  ] 
(|i,  J71),  forming  ketones  (aikylic  acetones)  (ketone  decomposition'): 

ij  +CO,K,  f  C,ns.OH, 
+  CO,K,  +  C,H,.OH. 


.CH, 

CH(CH,), 


(lb')  At  the  same  time  another  splliting-olf  takes  place,  by  which  1 
the  alkylic  acetic  acids,  1.  c,  the  higher  falty  acids  are  produced  along 
Hith  acetic  acid  (atid  liecemposition): 


;KOH 
»KOH : 


.  (CH.)CH..CO.K 

CH,.CO.K+^'"'-^"' 


c:H.a).K  +  '-i"!-'-'"- 


(CH,),CHCO,K 
CH,CO,K 


Both  of  these  reactions,  in  which  decomposiJon  occurs  (the  splilling-olf  of  helan 
and  of  icid),  usually  take  place  simultaneousl)',  lu  using  dilute  potash  or  caustic 
baryta,  Ihe  ketone  decomposition  predominates,  whereas,  with  vciy  concentrated 
alcoholic  potagh,  the  same  maj  be  asserted  in  regard  to  the  acid -decomposition 
(J.  Wislicenus,  A.  190,  276).  The  iplltting-olTof  ketone,  with  elimination  of  CO,, 
occurs  almost  exclusively  on  boiling  with  snlphuric  or  hydrochloric  acid  (I  part  acid 
and  2  parts  water  1. 

Thia  brcakii^-down  of  the  mono-  and  di-ilkyl  aceloacetic  esters  is  tlie  basis  of  the    , 
application  of  these  bodies  in  the  pioduclion  of  mono-  and  dialkylic  ac 
u  well  ai  mono-  and  diatkyJic  acetic  acids. 

(z)  The  acetoaceiic  esters  are  changed  by  nascent  hydrogen  (sodium 
amalgam)  into  the  corresponding  jJ-oxy-acids  (p.  330) : 
CH,-CO.Cil,,CO^i:,Hs  +  H,+  H,0  =  CH,.CH{OH).CIVCO,H  +  C,H,.nH. 

They  are  saponified  at  the  same  time. 

(3)  Chlorine  and  bromine  produce  balogcti  subslilution  products  of  lhe  ai 

(4)  PCljreplaces  theosygenof  the/J-COgronpbylatomsofchlor 
rjVcCH,.CCl,.CH,.  CO. CI.  readily  splits  off  hydrochloric  acid  : 
chlor  crotonic  acids  (p.  282). 

(5)  Orthoformic  ester  replaces  the  oxygen  of  Ihe  ^-CO  group  by  iwo  clhony- 
groups.  The  product  is  fl-drethylhulyric  esler  which  readily  splits  off  alcohol  a  ' 
yields  ,1-ethoiiycrnfonic  esler  |aee  lo,  p.  376), 
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Ester,  boiling  at  l69<»  (760  mm.).  Methyl  Acetoacetic  Methyl  Ester,  CH,COCH- 
(Clij)CO,CH„  l)Oils  at  177®  ;  the  ethyl  ester  at  187°  ;  Ethyl  Acetoacetic  Methyl  Ester, 
CH,.CO.CII(C,H5)CO,CH„  boiling  at  190®;  ethyl  ester  at  198°.  Dimethyl 
Acetoacetic  Ester,  CHjCOC(CHj),CO,C,Hj,  boils  at  184**.  Diethyl  Acetoacetic  Ester 
boils  at  218°.  n- Propyl  Acetoacetic  Ester  boils  at  208°.  Methyl  Ethyl  Acetoacetic 
Ester  boils  at  198°.  Propionyl  Propionic  Ester,  Methyl  Propionyl  Acetic  Ester ^ 
CH3CH,COCH(CH3).  COjCjHj,  boils  at  196°. 

p-Dicthoxybutyric  Aciil,  CHj.  C(0.  C,H5),CH,CO,H,  is  a  syrupy  liquid,  which 
decomposes  on  the  application  of  heat  into  CO,  and  acetone  ortho-ethyl  ether 
(p.  219).  Its  sodium  salt  is  obtained  by  means  of  alcoholic  sodium  hydroxide  fn'm 
jCJ-diethoxy-butyric  ester,  CHj.  C(0.  CjHjIjCIijCOjCjHj,  the  product  of  the  trans- 
position of  acetoacetic  ester  and  ortho-formic  ester  (B.  29,  1006).  |3-Diethoxy butyric 
ester  decom|X)ses  upon  distillation  into  alcohol  and  /':f-ethoxycrotonic  ester  (p.  360* 
^  Dithioethylbutyric  Ester,  CHjC(SC,H5),CH,CO,C,H5,  see  B.  19,  2810;  29, 1648. 

Derivatives  of  the  /3-Ketonic  Acids,  containing  Nitrogen. 

1.  Amities.  Ammonia  converts  acetoacetic  esters  into /^-Amidocrotonic  Esters, 
while  the  monomethyl-  and  monoethyl -acetoacetic  ester,  with  the  same  reagent,  yield 
the  amides: 

Methyl  Acetoacetamide,  CHj  .  CO.  CH(CH3)C0.  NH„  melting  at  73°;  Ethyl 
Acetoacetamide,  melting  at  96°  (A.  257,  243). 

2.  Cyanacetone,  Acetoacetic  Nitrile,  CPIj.  CO  .  CH,  CN,  boiling  at  120  to  125®, 
results  from  the  interaction  of  chloracetone  and  potassium  cyanide  (B.  25,  2679) ;  from 
imidoacetonitrile  and  hydrochloric  acid,  and  from  a-methyl  isoxazole  (p.  327). 

3.  hnidoacetoacctic  Xiirile,  CH^ .  C(:  NH)CHj  CN,  meltinjj  at  52°,  i^  produced 
by  the  polymeii/alion  of  acelonilrile  with  metallic  sodium  ij.  pr.  Ch.  [2]  5a,  81). 

For  the  action  of  nniline,  hydrazine,  phenylhydrazine  and  semi-carhazide,  hydroxyl- 
amine.  nitrous  acid,  nitric  oxide,  diazomethane,  benzene  diazosaUs,  urea  and  amidiues 
upon  ?-ketonic  esters,  compare  the  reactions  5-12,  pp.  375,  376. 

4.  Dinitrociiproic  Acid,  a-Dimelhyl-/3-(linitrobutyric  Acid,  CIT3 .  C(N02),  .  C- 
(CH«).,C02H,  melts  with  decomposition  at  215°  C.  It  results  from  the  prolonged 
boiling  of  camphor  with  nitric  acid  (B.  26,  3051). 

Halogen  Substitution  Products  of  the  /3-Ketonic  Esters. 

Chlorine  alone  or  in  the  presence  of  sulphuryl  chloride  acting  upon  acetoacetic 
ester  replaces  the  hydrogen  atoms  both  of  the  CH,  and  CH^  groups  by  chlorine. 
The  hydrogen  of  the  CH,  group  is  first  substituted,  but  in  the  case  of  bromine  the 
substitution  begins  with  the  CHg  group  (A.  278.  61). 

a-Chlor-acetoacetic  Ester,  CH, .  CO .  CHCi .  CO, .  CJI-,  with  a  very  pene- 
trating odor,  boils  at  109°  (10  mm.). 

a-Brom-acetoacetic  Ester,  CH,.  CO.  CHBr.  CO,.  C^H^,  boils  at  90O-100® 
(20  mm.),  it  is  formed  when  bromine  acts  upon  copper  acetoacetic  ester.  HBr 
gradually  (B.  27,  316S)  changes  it  to  y-brom- acetoacetic  ester,  CH,Br.CO.  CH,  .  - 
COjCjHg,  melting  at  125°  (8-10  mm.)  (B.  29,  1042). 

The  constitution  of  these  two  bodies  has  been  established  by  condensing  them  with 
thiourea  to  the  corresponding  thiazole  derivatives. 

aa-Dichlor-acetoacetic  Ester,  CU3 .  CO .  CCIj .  CO,  C^H^,  is  a  pungent-smelling 
liquid,  boiling  at  205°.  Heated  with  HCl  it  decomposes  into  o-dichloracetone, 
CH.J.  CO  .  CHCI3,  alcohol  and  CO, ;  with  alkalies  it  yields  acetic  and  dichloracetic 
acids,  an- Dtbrom-acetoacetic  Ester  IS  a,  Wqu'id.  It  yields  a  (//t^jr/w^,  CI^JC(NOH)- 
C(NOH)C03C2H5,  melting  at  142°.  ay-Dibrom-acetoacetic  Ester,  Cli,Br.CO.- 
CHBr.  COjCjlIj,  melts  at  45-49°. 

Bromine  converts  tlie  mono-alkylic  acetoacetic  esters  into  monobrom-  and  dibrom- 
derivatives.  According  to  Deraar^ay  (B.  13,  1479,  '87°)  ^^  monobrom-bodies, 
when  heated  alone  or  with  water,  split  off  ethyl  bromide  and  yield  peculiar  acids ; 
tha-i,  brom -methyl  acetoacetic  ester  gave    Tetrinic  Acid  or  Methyl  Tetronic  Acid, 


wliile  branicllivl  aceloacelic  esler  jieMed  ftHWiii  Add  or  F.lhylUlrmiii  Add  iX~    I 
Woltr.  A.29i,a2l,):  • 

CO.CH,Ci  -C.HiBr  COCH,  C10H)CH,^ 

CHJ . t;H . CO . o . c,n(  ch, .hn.zo^   "'  ch, . i!:n — co' 

Telrliiic  Acid -MELhrKcKoiiic  Acid. 

These  »cids  will  he  diwnssed  later  B9  lackmM  of  oiy^kclonic  acids,  ri^elher  wiih  J 
[he  utidaliun  ]irodui:t&  of  Iriatid  ilcahoU. 

Tbe  dibrom-deriTulivrs  treated  wilb  alcoholic  potash  yield  oiylelrinic  acid. 
pentiDic  acid,  etc.      U>ilxiw  <  U.  ai,  R.  iSo)  found  tlirm  lu  l>e  homologues  offiin 
acid.     Oxy-lelrinic  nciil  ij  meiiacuiiic  acid  l,see  ihtsi  \  while  oxypentinic  acid  U  ethyl  [J 
fumaric  Bcid  (mc  ibis),  elc. 

^--Ketonic  Acids. 

These  acids  are  distinguished  from  the  acids  of  the  jS-variely  by  the    i 
fact  that  when  healed  ihey  do  Dot  vield  COj,  but  split  ufl"  water  and 
pass  into  unsaturated  ^--lactones.     They  form  ^--oxyacids  on  reduction, 
which  readily  pass  into  saturated  ^--lactones.    An  inierestlng  fact  in  this 
connection  is  that  they  yield  remarkably  well  crystallized  aceiyl  deriva- 
tives when  treated  with  acetic  anhydride.    This  reaction,  as  well  as  J 
the  production  of  unsaturated  ^-lactones,  on  distillation,  argue  for  the  1 
view  that  the  j-ketonic  acids  are  j-oxy lactones ;  \ 


CH,.CO.CH»CH,  CHi.C10H}.CH,.CH|       CH^IK)    O CO 

H,.C.CH,.Ct 


COOH  6 l^O         '      CH,.C.CH,.CH, 


Laevulinic  Acid,   ^- Aceto-propiotiic  Acid.  CtH,0,  ^  CH, .  -  \ 

CO.  CH,.  CH,.  CO,H,  or  CH,.c'cOH).CH,.  CH.COC),  melts  at  ' 

3J-5°;  boils  at  144°  (ii  mm.),  339°  at  the  ordinary  pressure,  when 
slight  decomposition  ensues,      ^--Keto valeric  Acid,  or  j--Oxovaleric 
Acid    [4-Pentanon  Acid]  IS  isomeric  with  methyl  acetoacelic  acid, 
which  may   be   designated   a-aceto- propionic  acid.     Laevulinic  acid 
can  be  obtained  from  the  hexoses  (see  these)  on  boiling  them  wilh 
dilute  hydrochloric  or  sulphuric  acid.     It  is  more  easily  obtained 
from  Isevulose — hence  the  name — than  from  dextrose.     It  is  prepared 
on  heating  cane-sugar  or  starch  with  hydrochloric  acid  (IJ.  ig,  707, 
73;  20,  17751  A.  237,  99).       Its  constitutiim  is  evident  from  its  I 
lirect  synthesis:     sodium   acelnacetic  ester  and  chloracetic  e 
yield  aceto-succiiiic  ester,  which,  on  boiling  with  hydrochloric  add  or  J 
baryta  water,  loses  CO,  and  passes  into  lEcvulinic  acid  (Conrad,  A.  f 
"3,  22Z)  : 

►CO.CHNi      ciCH^o-CH,        CH,.C0.CH.CH,.CO,C:Hi     Mci     CH/;OCHvCH,CO,H  ] 

CO.CjH,  COiCH,  CO» 
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It  is  furthermore  obtained  by  the  action  of  concentrated  HjSO*  upon 

CO,H  O CO 

methyl-glutolactonic  acid,        \/         1     ;  by   the    oxidation    of   its 

C  H  j-C-CH  jC  1 1 1 

corresponding  /9-acetopropyl  alcohol  (p.  318),  and  by  the  oxidation  of 
methyl  heptenone  (p.  221),  of  linalol  and  geraniol,  two  bodies  belong- 
ing to  the  group  ot*  olefine  terpenes. 

Laevulinic  acid  dissolves  very  readily  in  water,  alcohol  and  ether, 
and  sustains  the  following  transformations:  (i)  By  slow  distillation 
under  the  ordinary  pressure  it  breaks  down  into  water  and  a-  and  /5- 
angelica  lactones  (p.  362).  (2)  When  heated  to  150-200**  with  hydri- 
odic  acid  and  phosphorus,  laevulinic  acid  is  changed  to  n-valeric  acid. 
(3)  By  the  action  of  sodium  amalgam  sodium  ^'-oxyvalerate  is  pro- 
duced. The  acid  liberated  from  this  becomes  ^'-valerolactone.  (4) 
Dilute  nitric  acid  converts  laevulinic  acid  partly  into  acetic  and 
malonic  acid  and  partly  into  succinic  acid  and  carbon  dioxide. 

(5)  Bromine  converts  the  acid  into  substitution  products,  p.  381. 

(6)  Iodic  acid  changes  it  to  bi-iodo-acetacrylic  acid.  (7)  P,Sj  converts  it  into  thioto- 
lene^  G^HjS .  CHj.  For  the  behavior  of  laevulinic  acid  with  hydrbxylamine  and 
phenylhydrazine  consult  the  paragraph  relating  to  the  nitrogen  derivatives  of  the 
^-ketonic  acids. 

Nucleus- synthetic  Reactions :  (8)  Prussic  acid  and  laevulinic  acid  yield  the  nitrile 

of  lactonic  acid :  CH,  .  C(CN)CH, .  CHjCOO,  see  methyl  oxyglutaric  acid.  (9) 
lionzaklehyde  and  laevulinic  acid  condense  in  acid  solution  to  P-benzallcevulinic  acid, 
and  in  alkaline  solution  to  6-benzal-l<rvulimc  acid  (A.  258,  129  ;  B.  26,  349). 

Laevulinic  Acid  Derivatives.— The  calcium  salt^  (C^H^OjijCa  -f-  2HjO.  TTie 
silver  salt^  Ql^lvOjAg,  is  a  characteristic,  crystalline  precipitate,  dissolving  in  water 
with  difficulty.  The  methyl  ester,  C5H,(CH3)0,,  boils  at  191°,  the  ethyl  ester  at 
200°. 


,      ,  CH.COO.       ^O.CO 

Acetyl  Laruiilintc  Acid,   y-Acetoxyl-y-valerolactone,  n--""'^         i       , 

CII3 .  C  .  CH| .  CH| 


IS 


particularly  noteworthy.  It  melts  at  78°,  and  is  formed  from  laevulinic  acid  and 
acetic  anhydride  ;  from  silver  laevulinate  and  acetyl  chloride  ;  from  Isevuiinic  chloride 
and  silver  acetate,  as  well  as  from  a-an^'elica  lactone  and  acetic  acid.  The  last 
method  of  formation,  as  well  as  the  formation  of  a-  and  /3  angelica  lactone  by  aceto> 
liKvulinic  acid  are  most  easily  understood  upon  the  assumption  that  the  constitution 
is  really  as  indicated  in  the  formula  shown  above  (A.  256,  314). 

I  I 

LiTvuhun  Chloride^  y-Chlorvalerolactone,    CHj.  CCl .  CIIj .  CHj.  COO,  boiling 

at  80*^  {15  mm.),  is  produced  by  the  addition  of  HCl  to  a-angelica  lactone,  and  by 

the  action  of  acetyl  chloride  \\.\>ox\  laevulinic  acid  (A.  256,  334).      Lctvulinamide, 

)-Amidovalerolactone,  CH3 .  ('(NHj) .  CHj  .  CH,COO,  has  been  obtained  from 
Uevulinic  ester,  and  from  a-angelica  lactone  and  ammonia  (A.  229,  249). 

Homologous   Laevulinic  Acids  are  obtained  from  the  homologues  of  aceto- 
succinic  ester: 

CIT 

P- Methyl- lirvulinic  Acid^  /?- A ceto -butyric  Acid,  CHj  .  CO  .  CII^pij'    ^^  xi 

boils  at  242°  and  melts  at  — 12°. 

CH 

a- Methyl  larvuUnic    Acid,   /?  Aceto-isobutyric    Acid,    CHj  .  CO.  pTj']>CH  .- 

CO,H,  boils  at  248°.  a-^///v/Z^«/i«iV /^nV,  CH,C0.CHjCH(C,H5)*.C0,H, 
ho))s  at  250-252°. 


HOMOLOGOUS  L^VULINIC  J 
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MfiilmU  A<id.  q- Dimethyl  li.ullnic  »ci<],  CH, .  CO .  CH,C(CH,),CO,H, 
melling  at  74"  uid  boiling  at  138°  (IS  inni.).  results  wbcn  the  additiuri  product  of 
hydiDcbloric  acid  >[id  mriilyl  oxide  h,  tiealed  with  potasium  cyanide,  and  the  lli(ril« 
then  sapooitied  with  hydrochloric  acid  {A.  347,99).  ^^  *<"  >^  ''Y  healjng  tnuilylenic 
acid  with  hydrochloric  acid  (B.  »5,  R.  905).  Nitric  acid  osidiies  mesilonic  acid  lo 
dimethyl  malonlc  acid, 

dDimilhyl  Lirvuliau  Aad.  (CH,),CH  .  CO .  CH, .  CII, .  CO,H,  roelling  st  40", 
is  produced  when  sodium  malonic  esler,  from  the  Iraoaposilion  product  of  ;--brom- 
diinelhyt  acetoacetic  ester,  is  heated  with  dilute  sulphuric  acid  (B.  30,  864). 

HamobevuliHic  And,  d-methyl  Itevulinic  acid.  CH,  .  CH, .  CO  .  CH,  .  CH, .  CO,H. 
inelling  at  33°,  ii  oUaircd,  together  with  an  oxycaproladone,  from  ^j-dihromcauroLc  1 
acid  (A  a68,  69).  ■ 

ADimilhyl  /.JTBHlimi  A.iJ.  (CH,),CH .  CO . CH, . CH, .  CO,  H.  melling  a 
is  prepared  by  the  action  of  a  soda  solutioo  upon  isohcplenlc  dibromidc  (p.  284)  (A^   1 

sea,  183),  ' 

Halogen  j-Ketonic  Acids.— o-j9™«/-/.r:'w/iniV/*o"rf.CH,CO.CH,.CnBr.CO,H, 
melting  at  79°,  is  produced  when  H  Ur  acta  upon  /)>aceloacr]flii:  acid.      Boiling  water  1 
converts  it  into  a- hydroxy -l.-evuliiiic  acid  (lee  ihU).  I 

^  BromlKvulinic  Acid,  CH,.CO.  CHBr.  CH,.  CO,H,  mcltsaisgo.andispro-  I 
duced  in  the  bromioition  of  IxvuUnic  acid,  es  well  as  by  (he  action  o(  water  upon  1 
the  oddilion  product  o(  bromine  and  a-ongelica  lactone.  Warming  with  sodium  1 
hydroxide  Conrerts  ihc  ^-hromlXTalinic  acid  into  a-hydroxy-lxiulinic  add  and  I 
^ actio- acrylic  acid.  Aniline  converts  brotn-kevulinic  acid  into  Py-3.3-dImeIhyl-iadol  I 
(K.  31,  3360),  while  ammonia  changes  it  to  letramethylpyrazine.  1 

a^-Ditromlavnlinic  Acid,  CH,.i:0.  CHBr.  CHBr.  CO,H,  melting  at  108",  )i  J 
prepared  Tram  ^-acetacryllc  add  and  Br,.  ^  Dibrom-lxvutinii  Add,  CH,Bt.  CO.- 
CHBr,CH,.CO,H,  melting  at  Il4-li5''>  is  produced  inlbe  brominatioa  of  Ixvu 
linicacid.  ft  yields  diacetyl  (p.  311)  and  glyoiyl  propionic  acid,  HOC.CO.CH, 
CH,  .  CO,H,  when  it  is  Iniled  with  water.  Concentrated  nilnc  acid  converts  it  iuic 
dibrom-dinilromethane  and  monobrom- succinic  acid,  while  with  concentrated  sul- 
phuric acid  it  yields  two  isomeric  dibrom-dikElo-R  penlenes. 

Nitrogen  Derivatives  of  the  ]'-Ketonic  Acids. 

(I)  LavHlinamidt,  Cn,.CO.CH,.  CH,.  CONH,  or  CH,c'tNH,)CH,.  CH,. 

COO,  melts  at  107"  (A,  aig,  260). 


\ 


lactmam  (p.  363)  ;     ^-Mtlhyl pyndoKlan,  i-Mtlhyl  fyridaimaiii,  CH,.(C  =  N.- 

NH)CH,  .  CH, .  CO,  melts  at  94°  (B,  a6,  408 :  J.  pr.  Ch.  [j]  50,  521). 

(3)  AiliBnof  Fhtnylhydrasint.  NH,  ,  NH.C,Hs:  The  first  product  is  a  hydra 
eone.  which  yields  a  lactaiam  when  healeil.  Ltrvulinii  Phtnylkydrotunt,  CH,C(  = 
N  .  NHC,Hi)CH,.  CH,.  CO,H,   melts   at   108°.      l-Mtthyl-n-phtnyl  fyyidatelt*,  I 

CH, .  if :  N .  NC,H.)CH, .  CH,(fo.  melts  at  8i°  (A.  453.  44).     When  fused  • 

line  chloride  it  becomes  dimethyl  indol-acelic  acid,  C,H,'^      yC  .  LH,        .   Phenyl-  1 

^nA:h,  ' 

hydrazone-mrufoHic  Acid.  Phenylhvdruioot-i -dimethyl  l*vultnic  Acid.  CH.C(N:-  , 
NHC^H,)CH,  .  C(Cll,i,CO,H.  melts  at  lai.j".        3-Mcthyl  i.diraethyl-n-pbenjfl  1 

pyridaK-lon.  CH,C(:NNC.H,)CH,C(CH,),CO,  melts  at  84"  (A.  347,  msl- 

(4)  ActicH  4  Hydr^xytamiHt :   l.avulimc  Oiimi.  C[I,C(NOH)CH,CH,CO,H,  ■ 
melts  at  95°  (  B,  35,  I930I-      Concentrated  sulphuric  acid  re-anunges  this  oxin     '   -  -  ' 
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d-Ketonic  Acids. 

Such  acids  have  been  prepared  from  acetyl  glutaric  acids  (see  these)  by  the 
splitting-off  of  CO,.     On  reduction  they  yield  6-lactones  (p.  318). 

y  Aceto-butyric  Acid,  CH,.  CO.  CH,.  CH,.CH,.  C(J,H,  melts  at  13®  and 
boils  at  275°.  Sodium  amalgam  converts  it  into  a  salt  of  d-oxycaproic  acid,  which 
yiel^  a(5-lactone  (A.  216,  127). 

It  is  formed  by  the  oxidation  of  y-acetobutyl  alcohol  (p.  318)  and  dihydrore- 
sorcinol  by  baryta  water.     Sodium  ethylate  changes  it  back  into  dihydroresorcinol. 

y-Etkyl-y- Acetyl  Butyric  Acid,  CH,.  CO.  CH(C,Hg)CH,.  CH,.  CO,H,  l)oils  at 
173°  (10  mm. ) ;  at  280°  (760  mm.).  Butyrobutyric  Add,  CH, .  CH,.CH, .  CO  .  - 
CH,.  CH, .  CH, .  CO,H,  from  conine,  melts  at  34°. 

Certain  higherketonic  acids  have  been  prepared  by  the  oxidation  of  hydroaromatic 
compounds  of  the  terpene  group,  and  are  imi)ortant  in  determining  the  constitution 
of  the  latter.  Other  ketonic  acids  result  from  the  hydrolysis  of  acetylene  carboxylic 
acids  by  means  of  concentrated  sulphuric  acid.  A  case  in  point  is  lo- JCetostearic  Acid, 
from  stearolic  acid  (p.  287),  which  is  produced  on  treating  oleic  and  elaTdic  di- 
bromides  with  alcoholic  potash.  See  oleic  acid  (p.  285)  for  the  value  of  these 
ketonic  acids  in  determining  the  constitution  of  the  olefine  and  acetylene  carbonic 
acids,  which  are  closely  related  to  them. 

^-Isopropyl  heptan-2'on  Acid,  /?-isopropyl  d-acetyl  vnleric  acid,  CTIj.  CO  .  CW^  .- 
CH2CH(C3H7^CH,CO,H,  from  tetrahydrocarvone,  melts  at  40°  and  boils  at  192® 
(20  mm.).  2  d  Ditnethvl  octan-^-on  Acid,  /3methvl  cJ-isobutyl  valeric  acid,  CH, .  - 
CH(CHj,).CO.CH,.CH,CH(CH0CH,CO,H,  from  menthone,  boils  at  i86«  (20 
mm.).      Undecanonic  Acid,  CH, .  CO(CH,)yCO,H(?),  from  undecolic  acid,  melts  at 

\o- Ketostearic  Acid,  lo-Oxostearic  acid,  CTT3[CH2]7CO(rH2\ .  CO,H,  melts  at 
76°.  It  is  ol)taincd  from  stearolic  acid  (p.  287)  by  tlie  action  of  concentrated  sul- 
phuric acid.     Consult  oleic  acid,  page  285,  for  the  decomposition  of  its  oxime. 

<)- Ketostearic  Acid,  CHsfCHjlyCOfCHjJ^COJI,  melts  at  83<».  It  is  obtained 
from  chlorketostearic  acid  (B.  ag,  806 j,  a  trans{X)sition  product  of  ricinoleic  acid 
(p.  286). 


B.  UNSATURATED  KETONIC  ACIDS.     OLEFINE  KETONIC  ACIDS. 

/3-Ketonic  Acids : 

CO   CTI 
Ethidene  Aceto-acetic  Ester,  CH, .  CH  :  C<^^  ^  V,  .,'',  results  from  the  action 

of  hydrochloric  acid  uj^on  aldehyde  and  acetoacetic  ester.  It  boils  at  211°  (A.  218, 
172;   B.  29,  172). 

>'-Ketonic  Acids : 

/?-Aceto-acrylic  Acid,  CH,.  CO.  CH :  CH.CO,H,  is  derived  together  with  /3- 
hydroxylievulinic  acid  from  /3  bromlicvulinic  acid  and  also  from  chloralacetone  upon 
digestion  with  a  soda  solution.  It  melts  at  125°  C.  It  combines  with  HBr  and 
with  bromine,  forming  0/3  dibrom  Ki^vulinic  acid,  and  o-bromlacvulinic  acid  (A. 
264,  2';4V 

/?  trichlor  aceto  acrylic      Acid,      CCl, .  CO .  CH  :  CH  .  CO,H,      or     CQ, .  - 

C(OII)CH  :  CHCOO,  Trichlorphenomalic  Acid.  It  is  obtained  from  benzene  by 
the  action  of  p)otassium  chlorate  and  sulphuric  acid  (A.  223,  170;  239,  176).  It 
melts  at  131°.  It  breaks  up  into  chloroform  and  maleic  acid  when  boiled  with  tuurium 
hydroxide. 

i  I 

It  yields    acetyl     trichlorphenomalic     acid,   CCl3C(OCOCH,.  )CH  ;  CH  .  COO, 


Carbonic  acid. 

metiing  Bl  86"  {A.  354,  152).  when  Ir.nted  with  acetic  anhydride.     Ptnhloraittyl  \ 

Atrylif  Arid,  CCl,.  CuCCl :  CCl ,  CO,H,  mdime  «l  8i-84<'  (B.  10.  511).  and  cibcr  1 

chlorinBlrd  ace'ylticrylic,  and  acelyt  melhy!  acrylic  acids  (B.  36,  1670),  are  fotmed  | 
from  the  decornpDailioii  of  beniene  derivatives  which  have  previously  been  clilorin 


li-AcftylJibmm-acrylic  An./,  CH, .  COCBr :  CBr ■  COOH.  or  CH, .  C(OH)CBr.-  1 

CBrCOO,    melting    at    78°,    results    upon    lieal'ng   a  Iribromlhiotolene   1 

acid,      lis   remarkably  luw  conducliviiy  bespenki   its    lactone    furuula  (1!.   14,  77  { 

iG,  R.  16). 

i  Ketonic  Acida. — Chlorinated  it-kelanic  acids  have  Iwen  ohlnintd  Trorn  llie 
ketochlorides  ai  resorcinol  and  orciiiul,  /.  g.,  IrichloracFtvl  Irichlorciolanic  aciil, 
Lt:i,  .  CO .  CCl :  CH  .  CCl,  .  CO,H.  see  H.  a6.  317,  504,  1666, 


I 
I 


CARBONIC  ACID  AND   ITS   DERIVATIVES. 

The  acid  only  exisis  111  ils  sails  and  esiers,  and  may  l>e  reganJed 
as  oxyformic  acid,  HO.  CO.  OH.  Its  sytmtieirical  structure  d  s- 
lingiiishes  it,  however,  from  l)ie  Other  oxy-aeids  containing  three 
atoms  of  oxygen.  It  is  a  weak  dihasie  acid  and  constitutes  the 
transition  to  the  true  diba-sic  dicarbuxylic  acids — hence  it  will  be  • 
treated  8e|iarately.  1 

On  attempting  to  liberate  the  hydrated  acid  from  carbonates  by  a  | 
stronger  acid,  it  breaks  down,  as  almost  always  hapfiens,  when  two  I 
hydruxyl  groups  are  attached  to  the  same  carbon  atom.     A  molecule   | 
of  water  se|)aratcs,  and  carbon  dioxide,  CO,,  the  anhydride  of  carlKjnic 
acid,  is  set  free.     The  carbonates  recall  the  sulphites  in  their  deport- 
ment, and  carbon  dioxide  reminds  us  of  sulphur  dioxide  or  sulphurous 
anhydride. 

Every  carbon  compound,  containing  an  atom  of  carbon  in  double   | 
union  with  an  oxygen  atom,  may  be  regarded  as  the  anhydride  of  a. 
dihydroxyl  body  corresponding  to  it.     The  hydrate  formula,  C  ^=  O- 
tOH)„  of  carbonic  acid  may  be  viewed  as  the  formula  of  an  anhydride 
of  the  compound  C(OH),.     Of  course  a  compound  of  this  form  will 
be  as  unstable  as  orihoformic  acid,  HC{OH)j(p.  224),     However, 
esters  derived  from  the  fonmila  C(OHi(,  can  actually  be  prepared; 
they  are  the  orthocarbonie  tiitrs.     In  a  broader  sense,  all  methane 
derivatives,  in  which  the  four  hydrogen  atoms  have  Ijcen  replaced  by 
four  univalent  elements  or  residues,  must  be  considered  as  derivatives 
of  orthocarbonie  acid,  e.g.,  telrachlor-.  letrabrom-,  tetra-iodo-,  and  . 
tetrad uormeihanc.     From  this  point  of  view  tetrachlorme thane  is  the 
chloride  of  orthocarbonie    acid.      These  compounds,  together  with    , 
chloropicrin,  CCI.NO,.  bromopicrin.  CBr.NO,.  brom-nitroform,  CBr- 
C(NO,).,  wilt  be  discussed  later  as  J 
■id.      The  carbon    tetraniide   is  not  ] 
frequently  in  the  reactions  where  it  I 
g'lanldine.  which  sustains  the  same 


.nnwn.     Ammonia  appears  most 
night  well  be  expected,  and  also 
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relation  to  the  hypothetical  carbon  tetramide — the  amide  of  ortho- 
carbonic  acid,  as  metacarbonic  acid  bears  to  the  ortho-acid : 


OH 

Orthocarbonic  Acid, 
Does  not  exist 

NH, 

/nh, 

Amide  of  Orthocarbonic  Acid, 
Does  not  exist 


Metacarbonic  Acid, 
Does  not  exist 

Cf-NH, 
Guanidine. 


^o 

Carbon  Dioxide. 
Carbonic  Add  Anhydride. 


Carbon  Monoxide,  CO,  the  first  oxidation  product  of  carbon, 
was  described  immediately  after  formic  acid. 

Carbon  Dioxide,  CO,,  is  the  final  combustion  product  of  carbon. 
Under  favorable  conditions  the  carbon  of  every  organic  substance 
will  be  converted  into  it.  Carbon  in  the  quantitative  analysis  of 
carbon  derivatives  is  determined  in  the  form  of  CO,. 

Several  methods  for  the  formation  of  carbonic  acid,  which  are 
especially  important  in  organic  chemistry,  may  be  mentioned  here. 
Carbonic  acid  is  developed  from  fermentable  sugars  in  the  alcoholic 
fermentation  process  (p.  IT9).  Carbonic  acid  is  readily  formed  by 
the  oxidation  of  formic  acid  (p.  224),  into  which  it  can  be  converted 
by  reduction  (B.  28,  R.  458).  Carbon  dioxide  can  be  withdrawn 
from  the  carbonic  acids,  /.  e.j  from  the  acids  containing  carboxyl, 

— C<^       ,  when  hydrogen  will  enter  where  the  carboxyl  group  was 

first  attached.  Those  polycarbonic  acids,  containing  two  carboxyl 
groups  in  union  with  each  other,  or  two  and  more  carboxyls  linked 
to  the  same  carbon  atom,  readily  part  with  carbon  dioxide  on  the 
application  of  heat.  In  the  latter  case  carboxylic  acids  result,  in 
which  each  carboxyl  remaining  over  is  attached  to  a  particular  carbon 
atom,  f.  g.  : 

Malonic  Acid,  CH2<^q*[{ >  CO,  and  CH,  .  CO^H. 

The  ^?-ketonic  acids  deport  themselves  similarly  (p.  371),  f.g.  : 
Acetoaceiic  Acid,  CH, .  CO .  CH, .  CO^H >  CO,  and  CII, .  CO .  CH,. 

Monocarboxylic  acids  or  their  alkali  salts  can  be  deprived  of  CO, 
upon  heating  them  with  NaOH,  when  it  disappears  as  CO,Na,  (p.  81): 

CH3 .  CO^Na  +  NaOH  =  COjNa,  +  CH^. 

The  electric  current  acting  upon  concentrated  solutions  of  the  alkali 
salts  of  carboxylic  acids  splits  off  carbon  dioxide  (p.  83),  ^.  g.: 


2CH3 .  CO,K 


>CH,Cli8  -h  2CO,and  2K. 


DERIVATIVES  0¥  CARBONIC  ACID. 


The  calcium  salts  of  many  carboxjlic  acids  arc  decomposed  by  heat 
pith  the  [troductioo  of  calcium  carbonate  and  ketones  (p.  i88),  e.g.; 


(CH,CO,),C«- 


— J.  CO,Ca  -)-  CH, .  CO .  CH,. 

These  and  similar  reactions,  in  which  COj  is  easily  split  off  from 
organic  compounds,  are  of  the  first  importance  in  the  production  of 
the  different  classes  of  compounds.  In  contra-it  to  the  splitting-off  of 
CO,  in  certain  reactions  we  have  its  absorjition  by  certain  organic 
alkali  derivatives:  nucleus-syntheses,  in  which  carboxylic  acids  are 
produced : 

CH,Nb  +  CO,  =  CH,.  CO,N»  (p.  240). 


C,H,ONa  +  CO,  =  C,H,<^ 


CO,N» 
•OH 


salicylic  add). 


Esters  oF  Metacarbonic  Acid,  or  ordinary  Carbonic  Acid. 

The  primary  esters  o{  carbonic  acid  are  not  stable  in  a  free  con- 
dition. 


The  potassium  salt  of  Etbyl  Carbonic  Acid,  CO<q^^  »,  separalts  in  pearly 
acales  on  adding  CO,  to  the  ntcoholic  jolulion  of  potassium  alcoholate.  Water 
decomfioscs  it  into  potsssiam  carbanatc  and  aicohal. 


also  (i)  by  treating  esters  of  chlorformi 
mixed  esters  may  also  be  obtained : 


C0,(C,IV,  +  sAb1; 

'ith  alec 


*^o<o:c\i','  +  '^'"'-' 


flrthj'l  El 


=  CO<^;^^J  +  CH.OH. 


I 


Hence,  to  obiain  the  mixed  ester,  the  reaction  must  occur  at  a  lower  temperature. 

As  regards  ttie  nature  of  [he  product,  it  is  imniDterial  as  10  nhal  order  'm  putsued 
in  introducing  llie  alkyl  groups,  r.  t.,  whether  proceeding  from  chlorfomiic  esler,  We 
let  ethyl  alcohol  act  upon  it,  or  revcnc  the  cose,  letting  methyl  alcohol  act  upon  elbyt 
chlorformic  ester;  the  same  methyl  ethyl  cai^ionic  acid  results  in  each  case  (B,  13, 
3417).  This  is  an  additional  conflrmstion  of  the  like  Tslenceof  Ihe  carbon  amnilies, 
already  proved  by  numerous  cxperimenls  made  willi  thai  direct  ohjecl  (with  the  miied 
kelones)  in  »iew. 

The  neutral  carbonic  esters  are  ethereal  smelling  liquids,  dissolving 
readily  in  water.     Excepting  dimcthy!  and  the  methyl-ethyl  ester,  all 
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are  lighter  than  water.  With  ammonia  they  first  yield  carbamic  esters 
and  then  urea.  When  they  are  heated  with  phosphorus  pentachloride, 
an  alkyl  group  is  eliminated,  and  in  the  case  of  the  mixed  esters  this 
is  always  the  lower  one,  while  the  chlorformic  esters  constitute  the 
product : 

co<8 :  c,^.  +  PCI. = co<g'  c„^  +  pa,o  +  CH,a. 

Methyl  Carbonic  Ester,  C0,(CH,)2,  is  produced  from  chlorformic  ester  by  heat- 
ing  with  lead  oxide.     It  boils  at  91^.     The  methyl  ethyl  ester,  ^^s^^rr  t|  •  hoils 

at  109°.  The  ethyl  ester,  CO,(C,H5),,  is  obtained  from  ethyl  oxalate,  ^^©^(CjH^),, 
on  warming  with  sodium  or  sodium  ethylate  (with  evolution  of  CO,).  It  boils  at 
1260.     The  mtthyl propyl  ester,  C05(CH,)(C,H,),  boils  at  131®. 

The  ethyUne  esUr^  CO,C,H^,  glycol  carbonate,  obtained  from  glycol  and  CCX^l,, 
mehs  at  39°  and  boils  at  236°. 

Derivatives  of  Orthocarbonic  Acid  (p.  383). 

Orthocarbonic  Ester,  C(0.  CjHj)^  (1864  Bassett,  A.  13a,  54),  may  be  regarded  as 
the  ether  of  the  tetrahydric  alcohol  or  normal  carbonic  acid*,  C(OH)^.  It  is  produced 
when  sodium  ethylate  acts  on  chloropicrin  : 

CC1,(N0,)  +  4C,H5  .  ONa  =  C(0 .  CjHj)^  +  3Naa  +  NO,Na.  • 

It  is  a  liquid  with  an  ethereal  odor,  and  boils  at  158-159®.  When  heated  with 
ammonia  it  yields  guanidine  and  alcohol. 

The  propyl  ester,  C(0.C8H,)^,  boils  at  224°,  the  isobutyl  ester  at  250®,  and  it 
seems  the  methyl  ester  can  not  be  prepared  (A.  205,  254). 

The  tetrahalogeii  substitution  products  of  methane  appear  to  be 
the  halides  corresponding  to  orthocarbonic  acid.  They  bear  the  same 
relation  to  the  orthocarbonic  esters  that  chloroform,  bromoform  and 
iodoform  sustain  to  the  orthoformic  esters.  However,  the  ortho- 
carbonic acid  esters  have  not  yet  been  prepared  from  the  tetrahalogen 
substitution  products  of  methane.  Several  nitrohalogen  methanes 
and  tetranitro-methane  will  be  described  here. 

Methane  Tetrahalogen  Substitution  Products : 

Tetrafluormethane,  Carbon  Tetrafluoride,  CF^,  is  a  colorless  gas,  condensable  by 
pressure.  It  is  remarkable  that  this  body  belongs  to  that  small  class  of  carbon 
derivatives  which  can  be  directly  prepared  from  the  elements.  Finely  divided 
carbon,  e.  g.,  lamp  black,  combines  directly  with  fluorine,  with  production  of  light 
and  heat,  and  yields  CF^. 

Tetrachlormethane    or    Carbon    Tetrachloride,    CCI4,    is 

formed  (i)  by  the  action  of  chlorine  upon  chloroform  in  sunlight,  or 
upon  the  addition  of  iodine,  and  (2)  by  action  of  CI  upon  CS,  at 
20-40°,  C2CI4  and  CaClg  being  formed  at  the  same  time  (B.  27,  3160); 
(3)  upon  heating  CS,  with  SaCl,  in  the  presence  of  small  quantities 
of  iron :  CS^  +  2S2CIJ  =  CCI4  +  6S  (D.  R.  P.  72999). 

It  is  a  pleasant-smelling  liquid,  boiling  at  76°.  Its  specific  gravity 
is  1. 63 1  at  0°.  At  — 30°  it  solidifies  to  a  crystalline  mass.  It  is  an 
excellent  solvent  for  many  substances,  and  is  made  upon  a  technical 


I 
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scale.     Heated  with  alcoholic  KOH,  it  decomposes  according  to  the 
following  equation  r 

CCl.  +  6K0H  =  K,CO,  +  3H,0  +  4KCI. 

CC1,  sustains  ihe  same  relaiion  to  esrbonic  rneid  ihM  chloroform  docs  to  fonaie  acid. 

When  (he  vapors  ate  conducted  through  a  rcJ-bol  lube,  ilecomposilioa  occurs; 
C,C1,  and  C,C'I(  are  produced , 

This  is  an  interesting  reartion  because,  as  we  learned  under  acetic  acid  (p.  174),  it 
plnys  a  part  in  the  iirst  synthesis  of  thic  long-known  acid.  Wben  carbon  tetra- 
chloride is  digested  with  pbenoI&  and  sodium  hydroxide,  /litne/  larboxylic  aciJs  are 
produced. 

TelTabrommethBne,  CB>,,  obtained  by  the  action  of  bro in  iodide  upon  bromo.  I 
form  or  CS,,  crystallizes  in  shining  plates,  melting  at  93  5°,  and  boiling,  with  but  1 
little  decomposition,  at  iSg". 

Tetraiodom ethane.  CT„  carbon  iodide,  is  formed  when  CCI^  is  beated  with 
aluminium  iodide.  It  cryslalUnes  from  ether  in  dark  red,  regular  octahedra,  of 
specific  gravity  4.33  «l  30°.  On  ciposarE  to  air  it  decomposes  into  CO,  and  1. 
Heat  accelerates  the  decomposidon. 

Nitro-derivativcs  of  Orthocarbonic  Acid. 

Nilrochloroform,     C(NO,)CI,— Chloro|)icrin,     irichlur-nitrome- 
ihane,  is  freijueiitly  jiroduced  in  ihe  action  of  nitric  acid  upon  clilor- 
inaleii  carboti  compounds  (chloral),  and  also  when  chlorine  or  bleach- 
ing powder  acts  upon  nitro-derivatives  (fulminating  mercury,  picric  ' 
acid  and  nitromethane;  alsa  from  fulminating  mercury,  p.  338). 

In  the  preparation  of  chloropicrin,  10  parts  of  freshly  prepared  bleaching  powder 
are  mixed  to  a  ibiek  paste  with  cold  water  and  placed  in  a  telorl.     To  this  is  added   j 
a  saturated  solution  of  picric  acid,  healed  to  30'.     Uaually  the  reaction  occnre  with- 
oui  any  aililiiional  heat,  and  the  chloropicrin  distils  over  with  the  aqueous  vapor  (A. 
133.  III). 

Chloropicrin  is  a  colorless  liquid,  boiling  at  112°,  and  having  a  spe- 
cific gravity  of  1.693  at  0°.     It  possesses  a  very  penetrating  odor  that  I 
attacks  the  eyes  powerfully.    It  explodes  when  rapidly  heated.    When 
treated  with  acetic  acid  and  iron  filings  it  is  converted  into  melhyl- 
amine; 

Ca,(NO,)  +611,  =  CH,.NH,  +  3HCI  +  3H,0. 

Alkaline  sulphites  change  it  to  formyl  trisulphonic  acid,  ammonia 
to  guanidine,  and  sodium  ethylate  to  orthocarbonic  ester  {p.  386). 

Bramopicrin,  CBr,(NO,l,  melting  at  -f- 10",  can  be  distilled  under  greatly  re- 
duced pressure  without  decom position,  and  is  fornied.  like  the  preceding  cbloro-com- 
Iijund,  by  beating  picric  acid  with  calcium  hypobromite  (calcium  hydroxide  and   1 
iromine),  or  by  beating  nitromethane  with  bromine  (p.  157J.     It  closely  re 
chloropicrin. 

Bro  m- nit  reform,  C(NO,1gBr,  Brom-lrinitromethone,  is  produced  by  peimiiting 
bromine  to  act  for  several  days  upon  nitrofonn  exposed  to  sunlight.    The  reaclinn   J 
lakes  place  more  rapidly  by  adding  bromine  to  the  aqueous  solution  of  the  mercury    1 
sallof  nitroform,     Inibecold  ii  solidifies  to  awhile  crytlalbne  mass,  fusing  al    ' 
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Tetranitromethane,  C(N0,)4,  results  on  heating  nitroform  with 
a  mixture  of  fuming  nitric  acid  and  sulphuric  acid.  It  is  a  colorless 
oil  that  solidifies  to  a  crystalline  mass,  fusing  at  13^.  It  is  insoluble 
in  water,  but  dissolves  readily  in  alcohol  and  ether.  It  is  very  stable, 
and  does  not  explode  on  application  of  heat,  but  distils  at  126^. 


CHLORIDB8  AND  AZIDE8  OP  CARBONIC  ACID. 

Two  series  of  salts,  two  series  of  esters,  and  two  chlorides  can  be 
obtained  theoretically  from  a  dibasic  acid  : 


ithyl  CarbonL ,         ^  ..^ — ,    -. 

only  known  as  salt  Diethyl  Ester  only  as  ester 


Ethyl  Carbonic  Acid,        Carbonic  Aci 


ic  Acid,    Chlorcarbonic  Ester,      Phosgene. 


(i)  Chlorcarbonic  Ester. — The  primary  chloride  of  carbonic 
acid,  chlorcarbonic  acid,  is  not  known,  because  it  splits  off  HCl  too 
easily.  Its  esters  are,  however,  known.  They  are  produced  when 
alcohols  act  upon  phosgene,  the  secondary  chloride  of  carbonic  acid, 
carbon-oxychloride  (Dumas,  1833).  They  are  often  called  chlor- 
formic  esters,  because  they  can  be  regarded  as  esters  of  the  chlorine 
substitution  products  of  formic  acid  : 

COCl,  -f  CjHjOH  =  CI .  COOCjHji  -f  HCl. 

They  are  most  readily  prepared  by  introducing  the  alcohol  into  liquid  and  strongly 
cooled  phosgene  (B.  18,  1177).  They  are  volatile,  disagreeable-smelling  liquids, 
decomposable  \^  water.  When  heated  with  anhydrous  alcohols  ihey  yield  the  neutral 
carbonic  esters;  with  ammonia  they  yield  urethanes  (p.  394);  with  hydrazine, 
hydrazi-carbonic  esters  (p.  405)  ;  with  ammonium  hydronitride,  nitrogen  esters  of 
carbonic  acid  (p.  389).  They  contain  the  group  COCl,  just  as  in  acetyl  chloride ; 
hence  they  behave  like  fatty  acid  chlorides. 

The  methyl  ester,  CCIO .  O .  CHj,  boils  at  71.4° ;  the  ethyl  ester,  COO, .  C,Hj, 
at  93°;  sp.  gr.  1. 14396  (15°);  the  propyl  ester  at  115°,  the  isobutyl  ester  at 
128.8°,  and  the  isoamyl  ester  at  154°  (B.  13,  2417  ;  25,  1449). 

Perchlorcarbonic  Ethyl  Ester,  CI .  CO .  OC^Clg,  melting  at  26®  and  boiling  at  209** 
under  ordinary  pressure,  at  83°  (10  mm.),  sp.  gr.  1. 73702,  is  isomeric  with  perchlor- 
acetic  methyl  ester  (p.  275 ;  A.  273,  56). 

(2)  Carbonyl  Chloride,  COCI2,  Phosgene  Gas,  Carbon  Oxychlo- 
ride,  boiling  at  +8°,  was  first  obtained  by  Davy,  in  181 2,  by  the  direct 
union  of  CO  with  CI,  in  sunlight;  hence  the  name  phosgene,  from 
ifw^,  light,  and  fv^^aw^  to  produce.  It  is  also  formed  by  conducting 
CO  into  boiling  SbClj,  and  by  oxidizing  chloroform  by  air  in  the 
sunlight  or  with  chromic  acid  : 

2CHC]3  4-  CrO,  -f  2O  =  2COCI,  -f  H,0  -f  CrOjG,. 

Phosgene  is  most  conveniently  prepared  from  carbon  tetrachloride 
(100  c.c),  and  80  percent.  ''Oleum  '*  (120  c.c),  a  sulphuric  acid  con- 
taining SOs  (B.  26,  1990),  when  the  SO,  is  converted  into  pyrosul- 
phuryl  chloride,  SjOjCl,. 


I 


SULPHUR   DERIVATIVES  OF   ORDINARY   CARBONIC  ACID. 


Carbonyl  chloride  is  a  colorless  gas  with  suffocating  odor,  and  on  I 
cooling  is  condensed  to  a  liquid.      Trampoiilions  .■  (i)  Water  at  once  \ 
breaks  it  iip  into  CO,  and  iHCI.     (i)  Alcohols  convert  it  into  chlor-  J 
carbonic  and  carbonic  esters.     (3)  Willi  ammonium  chloride  it  forms  ] 
urea  chloride.     (4J  Urea  is  produced  when  ammonia  acts  upon  il. 
Phosgene  has  been  employed  in  numerous  nttcleus-synihetic  reactions, 
e.  g.,  it  has  been  used  in  the  technical  way  for  the  preparation  of  1 
di-  and  iri- phenyl  methane  dye-stuffs  (see  teira-methyl-diamido-benzo- 
phenone). 

Carioi  Oxythhrbremidt,  COCtBr,  boiling  at  35-37°,  and  cnrbon  oxybromjde, 
COBr,,  txiiling  «  63-66°,  are  fonned  when  COC],  nnd  PHrj  iiilcr«ct  at  ISO" 
(B.  3B,  R.  148). 

The  Dhrogeii  carbonic  eslers  and  nitrogen  carbon  muiiotide  correipond  lo  ibe 
chlorcaibonic  esters. 

Nilregm  Carbonic  Mtlhyl  Ester,  Aiide  Carbonic  Ester,  N,  ,  CO,C,Hj.  broiling  at 
Ioa°,  il  a  transparent  liquid,  produced  by  tlie  action  of  clilorcaibonic  ester  upon  ( 


"hydro  „    . 

Nilrogen  Carton  Monexide.  COIN.,,, 
with  a  penetrating  and  stupefying  odor,  recnt 
oifcbloride.     Il  is  produced  wbcn  sodium  n 
carbohydnuide : 


crystals,  very  voiati     . 
ng  both  hydroniiHc  acid  atid  carhion 
jpon  the  hydrochloride  of 


CO(NH  .  NH,.  HCl),  4-  iNO,Nb  =  CO(N,),  -)-  iNaCl  +  4H,0. 

0  carbon  dioxide  and  hydrazoic  acid  (li.  27, 


SULPHUR  DERIVATIVES  OP  ORDINARY  CARBONIC  ACID. 

By  supposing  the  oxygen  in  the  formula  CO{,OH),  10  be  replaced 
by  sulphur,  there  resuli : 


3.  co<;; 

s.  cs<|« 


CSt-"^"     Sul,,ho, 

-.o^SH     Sulphol 
■    "-^^^OlI     Thiom 


Tile  doubly-linked  S  is  indicated  in  the  name  by  sulpk  or  thion, 
while  il  is  thioor  t/u'a/vrhen  it  is  singly  linked. 

The  free  acids  are  not  known,  or  are  very  unstable.     Numerous   | 
derivatives,  such  as  salts,  esters  and  amides,  are  known.     Carbon  oxy- 
iulphidc,  COS,  is  the  anhydride  or  sulphanhydride  corresponding  to  ] 
thiocarbonic  acid,  sulphocarbonic  acid  and  dithiocarbonic  acid. 

Carbon  disulphide,  CS„  sustains  the  same  relation  to  sulphothiocar- 
bonic  acid  and  trithiocarbonic  acid  that  carbon  dioxide  does  to  ordi- 
nary carbonic  acid. 
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Phosgene  corresponds  to  thiophosgene,  CSCl,. 

The  two  anhydrides,  COS  and  CS„  will  be  first  discussed,  then  the 
salts  and  esters  of  the  five  acids  just  mentioned,  to  which  thiophosgene 
and  the  sulphur  derivatives  of  the  chlorcarbonic  esters  attach  them- 
selves. 

Carbon  Ozysulphide,  COS  (1867  C.  v.  Than,  A.  Spl.  5,  245),  occurs  in  some 
mineral  springs,  and  is  formed  (I)  by  conducting  sulphur  vapor  and  carbon  monoxide 
through  red-hot  tubes.  (2)  On  beating  CS,  with  SO,.  (3)  By  the  action  of  COCI, 
upon  CdS  at  260-280*^  (B.  24,  2971).  It  is  most  easily  prepared  (4)  by  heating 
)K>tassium  thiocyanate  with  sulphuric  acid,  diluted  with  an  equal  volume  of  water: 
CN .  SH  -f  H,0  =  CSO  -h  NH,  (B.  ao,  550),  or  with  fatty  acids. 

In  order  to  obtain  it  pure,  conduct  the  gas  into  an  alcoholic  potash  solution,  and 

(5)  decompose  the  separated  potassium  ethyl  thiocarbonate,  CO<cj>^    *,  with  di- 
lute hydrochloric  acid. 

Carbon  oxysulphide  is  a  colorless  gas,  with  a  faint  and  peculiar  odor.  It  inflames 
readily,  and  forms  an  explosive  mixture  with  air.  It  is  soluble  in  an  equal  volume 
of  water.     It  is  decomposed  by  the  alkalies  according  to  the  following  equation : 

COS  +  4KOH  =  CO,K,  -h  K,S  +  2H,0. 

Carbon  Disulphide,  CS^,  boiling  at  47^,  was  first  obtained  in 
1796  by  Lampadius,  when  he  distilled  pyrite  with  carbon.  It  is  at 
present  obtained  by  conducting  sulphur  vapor  over  ignited  charcoal, 
and  is  one  of  the  few  carbon  compounds  which  can  be  prepared  by 
the  direct  union  of  carbon  with  other  elements.  It  is  a  colorless 
liquid  with  strong  refractive  power,  and  at  0°  has  a  specific  gravity  of 
1.297.  It  is  obtained  pure  by  distilling  the  commercial  product  over 
mercury  or  mercuric  chloride  ;  its  odor  is  then  very  faint.  It  is  almost 
insoluble  in  water,  but  mixes  with  alcohol  and  ether.  It  serves  as  an 
excellent  solvent  for  iodine,  sulphur,  phosphorus,  fatty  oils  and  resins, 
and  is  used  in  the  vulcanization  of  rubber.  In  the  cold  it  combines 
with  water,  yielding  the  hydrate  2CS, -(-  H2O,  which  decomposes  again 
at  -3°. 

Carbon  disulphide,  in  slight  amount,  is  detected  by  its  conversion  into  potassium 
xanthate.  This  is  accomplished  by  means  of  alcoholic  potash.  The  copper  salt 
is  obtained  from  the  potassium  compound.  The  production  of  the  bright-red  com- 
pound of  CS.^  with  irieihyl  pliosphine  (p.  174,  and  B.  13,  1732)  is  a  more  delicate 
test.     Compare  also  the  mustard-oil  reaction,  p.  166. 

HjS  and  CSj  conducted  over  heated  copper  yield  methane  (p.  81).  Carbon 
disulphide  is  tolerably  stable  toward  dry  halogens,  so  that  frequently  it  is  used  as  a 
solvent  in  adding  halogens  to  unsaturated  carbon  compounds. 

However,  chlorine  gas  converts  CS.^  into  thiocarbonyl  chloride,  CSClj,  and  in  the 
pre.sence  of  iodine  into  CSCl^  ^^ 's  SCI,  perch lormethyl  mercaptan  and  S^Cl,  ; 
finally  into  CC'I^  fp.  .^86).  A Icoholates  change  it  into  xanthates.  Zinc  and  hydro- 
cliloric  acid  convert  CS^  into  tnthiomethylene. 

Thiocarbonic  Acid. — The  salts  and  esters  of  all  these  acids, 
which  when  free  are  exceedingly  unstable,  maybe  produced  (i)  by 
the  union  of  the  anhydrides,  CO,,  COS,  CS„  with  (a)  the  sulphides 
of  the  alkali  and  alkaline  earth  metals,  (^)  the  mercaptides  of  the 


Dll'HIOCAKBONlC  ACIDS. 

alkali  metals,  (<-)  and  of  the  last  two  tvhh  alcuholates ;  (2)  by  the 
transiwsition  of  the  salts  thus  obtained  wiih  alkylogens  and  alkylen 
dihalides ;   {3)  by  the  action  of  alcohols  and  alcoholaies,  mercapiai 
and  alkali  niercaptides  upon  COCl,.  CI.  CO,C,H(  (p.  388J,  CSCl,  and  I 
Cl.CS,C,H,(p,  393). 

Mtmolhio(arbonk  Adds: 

I.  Ethyl  Tbiocarbonic  Acid.— Ethyl  cuboD-mono- thiol  Add,  HS  ,CO.OC,H,. 
The  pittassiuHi  10//,  C0<  JU  ^    *,  is  oblained  (r)  from  nanlbic  eslera  and  alcoholic 

Eolaib  (p  393),  and  (3)  in  ibe  onion  of  catbon  dioxide  wilb  poUssium  mercaptide. 
[  crystallizes  in  needles  and  prisma,  which  readily  dissoUe  in  water  und  alcohol. 
Wilh  elhyl  iodide  the  polassiuro  sail  forms  rlAyJ  Ihiaxycarbanali.  '-O'C.i;  rLu'' 
which  can  be  prepared  from  cblotcmbonic  cater,  COCl.  O .  C,H|i,  nnd  sodiom  or  linc 
captide.  It  bails  at  156°.  Alkalies  decompose  it  into  carbooaie,  alcohol  and 
merciplan  [B.  19,  1227). 

a.  Sulphocarbonic  Acid.— Thi  on -carbonic  Acid,  HO.  CS.  OH.  \Xf,  ilkyl  tUtr, 
CS[O.C,H,),,  is  produced  by  (he  aclioii  of  sodium  alcoholate  upon  ihiocarlionyl 
chloride,  CSCl,.  and  in  ihe  dislillaiion  of  S,(CS. O .  C,Hs),.  li  is  an  ethereal 
smelling  liquid,  boiling  a(  161°,  Wilh  alcohofic  ammonia  the  cslcr  decompose! 
alcohol  and  ammonium  thiocyanatc,  CN  .  S  .  NH^. 

Dithiocarbonic  Acids. 

3.  Ditlnoearbonic  Add,  Carbon-dithiol  Acid,  CO(SH),.     The  free 

acid  is  not  known. 


196°.    These  result  (I)  when  C 

COCl,  +  3C,1I, .  SK  =  CO(S .  CiHj),  +  2KCI 1 
and  (z)  when  thiocyanic  eslen  (p.  433)   are   heated  with  coacenlraied  tulphuri 
3CN  .  S .  CH,  +  3H,0  =  CO(S .  CH,),  +  CO,  +  3NH,. 
ley  are  liquids  wilh  garlicky  odor.     Alcoholic  ammonia  decomposes  them  inl 


cots .  CjHj),  +  2NH,  =  CO<j 


+  2C,Hs.SH. 


4.  Sulphothiocarbonu  Add,  Thion-carbon-lhiol  Acid,  HO ,  CS .  SH, 
iocs  not  exist  free.     The  xanlhaies,  R .  O .  C.  SSMe,  discovered  by  . 
Zeise  in  1834,  are  oblained  from  it. 

The  xanthates  ate  produced  by  the  combined  action  of  CS,  and 
caustic  alkalies  in  alcoholic  solution — e.  g.,  potassium  xanihate,  con- 
sisting of  yellow,  silky  needles,  which  crystallize : 

ca,  +  KOH  +  c,n(.OH  =  cs<^^'^'"»-f  h,o. 

Pousslum  ElhyliDMhale. 
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Cupric  salts  precipitate  yellow  copper  salts  from  solutions  of  the 
alkaline  xanthates.  The  acid  owes  its  name,  ^oviS^oc,  yellow,  to  this 
characteristic.  By  the  action  of  alkyl  iodides  upon  the  salts  we  obtain 
the  esters. 

The  latter  are  liquids  with  garlicky  odor,  and  are  not  soluble  in 
water.  Ammonia  breaks  them  up  into  mercaptans  and  esters  of  sulpho- 
carbamic  acid  (p.  406) : 

^S<S  .'§H,'  +  NH,  =  CS<^i^"»  +  C,H, .  SH. 

With  alkali  alcoholates,  mercaptan  and  alcohol  separate,  and  salts 
of  the  alkyl  thiocarbonic  acids  (p.  391)  are  formed  (B.  13,  530) : 

CS<f :  §":  +  CH,  •  OK  +  H.O  =  ^IJ.  •  OH  +  CO<Oi.^H. 

Xanthic  Acid,  or  ethyl  oxydithiocarbonic  acid,  C^H^ .  O .  CS .  SH.  A  heavy 
liquid,  not  soluble  in  water.     It  decomposes  at  25°  into  alcohol  and  CS,. 

S.CS.O.CH. 
Xanthic  Bisulphide^   1,  ^^  tt  »  ^^  produced  on  adding  an  alcoholic  sola- 

S .  CS .  O .  C|rij 

tion  of  iodine  to  the  potassium  salt  just  as  acetyl  sulphide  is  obtained  from  thiacetic 
acid  (p.  262).     Insoluble,  shining  needles,  melting  at  28°. 

The  ethyl  ester^  C,H. .  O  .  CS  .  S .  CjH^,  is  a  colorless  oil,  boiling  at  200®. 

Ethyl-methyl    xanthic   ester,   CH3O .  CS .  S .  C^Hj,   and   methyl    xanthic    ester, 

CjHj  .  O .  CS  .  S  .  CII3,  both  boil  at  184°.     They  are  distinguished  by  their  behavior 

toward  ammonia  and  sodium  alcoholate  (see  above). 

SH 
5.    Trithiocarbonic  Acid,  CSjII,  =  CS<ch-  Hydrochloric  acid  precipitates 

this  as  a  reddish-brown,  oily  liquid,  from  solutions  of  its  alkali  salts.  It  is  insoluble 
in  water  and  is  very  unstable.  The  alkali  salts,  when  acted  upon  by  the  correspond- 
ing halogen  compounds,  yield  the  following  esters : 

sen 
Ethyl  Trithiocarbonate,  CS<g   ^*^^  boils  at  240°  with  decomposition.    The 

methyl  ester^  CS(S.CH3)2,  boils  at  204-205°.     The  ethylene  ester^  CS<c>CjH^, 

melts  at  39.5°.  When  oxidized  with  dilute  nitric  acid  the  ester  becomes  ethylene- 
dithiocarbonic  ester,  COSj.-CjH^  (A.  126,  269). 

Chlorides  of  the  Sulpho-carbonic  Acids  :  Thiophosgene^  Thiocarl)onyl  Chlo- 
ride, CSClj,  boiling  at  73®,  sp.  gr.  1. 508  (15°),  is  produced  when  chlorine  acts  uix>n 
carbon  disulphide,  and  when  the  latter  is  heated  with  PClj  in  closed  tubes  to  200**: 
CS,  -f-  PCIj  :=--  CSClj  +  PCI3S. 

it  is  most  readily  obtained  by  reducing  perchlormethyl mercaptan,  CSCl^  (p.  393), 
with  stannous  chloride,  or  tin  and  hydrochloric  acid  (B.  20,  2380;  21,  102) : 

CSCl,  4-  SnCl,  =  CSCl,  +  SnCl^. 

This  is  the  method  employed  for  its  production  in  large  quantities. 

It  is  a  pungent,  red-colored  liquid,  insoluble  in  water.  On  standing  exposed  to 
sunlight  it  is  converted  into  a  polymeric,  crystalline  compound,  CjS^Cl^  =  CI .  CS.  • 
S .  CCI3.  methyl  pcrchlor-dithioformate,  which  melts  at  116°,  and  at  180°  reverts  to 
the  liquid  body  (B.  26,  R.  600).  Water  decom|)oses  thiophosgene  into  CO,,  H,S 
and  2 11  CI,  while  ammonia  converts  it  into  ammonium  sulphocyanide  (p.  422). 


CSCI,  +  NH{C,HJC,1I, : 


I 


CARBONIC  ACID. 

(I  TDotecule)  itilu  d talk)' I  sulplio- 

'-^<N[C,H,}C,H,  +  Ha. 


A  second  moUcuTe  of  ihe  amine  produces  lelraalk^lk  Ihioureas  (I 

Bi^nzene.  in  Ihe  presence  o(  AJCt,,  yields  tbiobeniophenone. 

Phosgene  «nd  ihiopbosgcne.  when  acted  upon  by  alcohols  and  mercoptnnj,  yield 
(utphUT  deriTalires  of  chlorcarbonic  ester  (p.  3S9). 

CMonarioH-tMol  ElAyl  EsUr CLCOSCjHj 

VhlorthierarbenU  Ethyl  Ester CI .  CSOC-Hj 

ChtorptrtMiixarioHH  Ethyl Eiler CI.CSSC.H, 

Prrrklerntlpholkio/arbanit  Methyl  Eiier,   .    .   .   .  CI .  CSSCO,  (se. 


SULPHUR  DERIVATIVES  OF  ORTHOCARBONIC  ACtD. 

Per,hlon>itthyl  Mmapian,  CCl,.  SCI,  Ijoiling  at  147°,  results  fiom  th 
chlorine  upon  CS,.     It  '\%  n  bright  yellov  liquid.    Staunous  chloride  teduc 
thiophoigene.      Nitric  acid  oxidizes  it  to 

Triihiormtlhyl SHlfkoHii  Chloridt,  CCl,.  SO,a,  melliag  at  IJ5°  and  boiling  al 
170°,  vbicb  can  be  made  by  tbe  action  of  moist  chlorine  u|>on  CS,.  It  is  insoluble 
ill  water,  but  dissolve  readily  in  alcohol  and  etbet.  Its  odor  is  like  thai  of  camphor, 
and  excites  tears.     Water  changes  the  chloKde  lo 

Tricklona/lhyl  Sulphonic  Acid,  CCl, .  SO,H  +  H,0,  consisting  of  deliqueseenl  , 
crystals.  By  reduction  it  yields  CHCl, .  SO,H,  dichlonnethyl  sulphonic  acid,  CH,-  1 
CI.  SO,H,  luonochlomielby]  sulphonic  acid,  and  CH,.  SO,H  (p.  153).  | 

Diilhyl  &(//*oii^Zfc4rom-inrfiai«,CBr,(SO,C,Hs),.  melting  at  ( jl",  aiidf/iV/*^- 
sHlpkoHt  di-iikenulKati!,  CI,{SO,C^Hj),.  melting  at  176°,  arc  formed  wheo  bromine 
acts  upon  diethyl  lulphone  methane,  and  iodine  in  potassium  iodide,  or  iodine  atone 
upon  diethyl  Bulphone  methane  poUssium  (B.  30,  4S7). 

Pofassium  Diiodomtlhanf  Disulphenalt,  Ct,iSO,K),.  and  PalassiuiH  Momtthant 
Diiiil/ihenaff,  CHI(SO,K),,  are  produced  when  potassium  dioEomelhane  disulplio- 
Date  is  decnmpoaed  with  iodine  and  wiib  hydrogen  iodide-  Sodium  Bmalgam  reduces 
both  boilies  lo  methylene  disulphonic  acid  {p.  Z04). 

Pelaaium  MithaHBltrimlpkimatt,  HO  .  C(SO,K), .  H,0.  results  when  Ihe  addition 
product  of  acid  potaasium  sulphite  and  potassium  diaiomelbane  di&ulphonale  is  boiled 
with  liydtochloric  acid.     A  like  irealment  of  polossium  sulph-hydrnzimethylen 
tulpUonale  will  also  yield  it  (B.  aS,  Z]7S). 


AMIDE  DSRIVATtVES  QV  CARBONIC  ACID. 

Carbonic  aciti  forms  amides  which  are  perfecily  analogous  lo  those 
of  a  dibasic  acid— i*.  g.,  oxalic  acid  (p.  43a)  : 


Cicbamic  \ 
CONil, 

i':ooH 


Urelhane, 
Carbamic  Ester 
CONII, 
CO .  O .  C,Hi 


CO ,  NH, 

l'i:).  nu, 


Carbamic  Acid,  H,N .  CO .  OH,  Am 
n  a  free  state.    It  seems  its  atntnoniutn  soJ 
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ammonium  carbonate,  and  is  prepared  by  the  direct  union  of  two 
molecules  of  ammonia  with  carbon  dioxide.  It  is  a  white  mass  which 
breaks  up  at  60°  into  2NH,  and  CO,,  but  these  combine  again  upon  cool- 
ing. Salts  of  the  earth  and  heavy  metals  do  not  precipitate  the  aqueous 
solution  ;  it  is  only  after  warming  that  carbonates  separate,  when  the 
carbamate  has  absorbed  water  and  becomes  ammonium  carbonate. 
When  ammonium  carbamate  is  heated  to  130-140°  in  sealed  tubes, 
water  is  withdrawn  and  urea,  CO(NH,)„  formed. 

The  esters  of  carbamic  acid  are  called  urethanes  ;  these  are  obtained 
(i)  by  the  action  of  ammonia  at  ordinary  temperatures  upon  carbonic 
esters : 

^'0<0 :  §11;  +  NH.  =  CO<g"(«^H^  +  C,H, .  OH  ; 

and  (2)  in  the  same  manner  from  the  esters  of  chlorcarbonic  and  cyan- 
carbonic  acids : 

C0<0 .  C.H.  +  *NH,  =  C0<1\^^  +  NH,a. 
C0<8'!'c,H.  +  *NH.  =  CO<^H|^„^  +  CN  .NH,. 
Also  (3)  by  conducting  cyanogen  chloride  into  the  alcohols: 

CNCl  4-  2C,H5.  OH  ^  CO<Q^^,  pj    -f  CjH^Cl; 
and  (4)  by  the  direct  union  of  cyanic  acid  with  the  alcohols: 

CO.  NH  +  CjHj.  OH  =  CO<JJ"^».  jj  . 

WTien  there  is  an  excess  of  cyanic  acid  employed,  allophanic  esters  are  also  pro- 
duced (p.  403). 

The  urethanes  are  crystalline,  volatile  bodies,  soluble  in  alcohol,  ether  and  water. 
Sodium  acts  upon  their  ethereal  solution  with  the  evolution  of  hydrogen  ;  in  the  case 
of  urethane  it  is  probable  that  sodium  urethane,  NHNa.  COOC,H.  (13.  23,  2785),  is 
produced.  Alkalies  decompose  them  into  COj,  ammonia  and  alcohols.  They  yield 
urea  when  heated  with  ammonia : 

<^"<o"c,H,  +  N"3  -  C0<^;||»  +  C,H,.OH. 

Conversely,  on  heating  urea  or  its  nitrate  with  alcohols,  the  urethanes  are  regen- 
erated. 

NH 
Methyl  Carbamic  Ester,  CO<q    A,j  ,  methyl  urethane,  crystallizes  in  plates, 

which  melt  at  52°  and  boil  at  1 77°.  The  ethyl  ester.  CO(NH2) .  O  .  CjHj,  also  called 
urethane,  consists  of  large  plates,  which  melt  at  50°  and  boil  at  184®.  'Xhc pro/>yi 
estef  melts  at  53°  and  boils  at  19^°.  The  allyl ester,  CO(NHj) .  O .  CjHj,  is  a  solid, 
melting  at  21°  and  boiling  at  204°. 

Acetyl  6^/r///rt//^,  Cn,.  CON  11  .  COjCjH,,  is  obtained  from  acetyl  chloride  and 
urethane.      It  melts  at  78*^  and  boils  at  130°  (72  mm. ).      Hydrogen  in  it  can  be  re- 


I 


placed  b;  lodiura.  Alkyl  iodides  acting  upon  the  sodium  compound  produce  :  slkylic 
acetyl  orellianea  (B.  95,  R.  640).  When  heated  lo  150°  wilh  area,  acetyl  urelhsiie 
passes  into  acetguaaamlde,  or  methyl  diaxyiriaitne,  and  with  hydniziiie  it  yields  the 
lria«>lotics  (A.  188,  318). 

The  esters  of  these  alkylittd  carbamic  acids  are  formed,  lilce  ihe  ure- 
Ihanes,  by  (i)  ihe  action  of  carbonic  or(aj  chlorcarbonic  esters  upon 
amines  J  and  (3}  on  heating  isocyanic  esters  (p.  418)  wilh  the  alcohols 
to  100"  : 

CO:N.C,Hi  +  C,Hs.OH  =  CO<^'^^  ^""o; 

also  (4)  by  the  interaction  of  the  chlorides  of  alkyl  urea  and  the  alco- 
hols; (5)  when  alcohols  act  upon  acidazides  (p.  163). 

Methyl  Elho-carbamic  Esler,  CH,  .  UN  .  CO.  O  .  C.ll,,  boils  at  1700  (B,  aB, 

8;s). 

Ethyl  Etho-carbamic  Ester,  IC,H.)  HN .  CO .  O .  C,H,.  boils  at  I75°. 

Ethylene  Urethane,  C,!I. .  OCU.  NHCH,  .  CH.NHCO.  O  ,  C,H..  from  elhy- 
lene  diamine  and  ClCO,C,Ht(B.  34,  2168),  melts  at  113". 

DeriVBliTes  of  cirbunic  acid  with  divalent  radicals  are  produced  by  tlie  uaion  of 
esters  of  the  acid  with  aldehydes  : 

Blhidene  Diutethane,  CH,.  CH(HN.  CO.  O.  C,ir,l,.  from  urethane  and 
acetaldehyde,  cryslallize^  in  sbiuiDg  needles,  melling  at  126°  C.  (B.  24,  226S}, 

Chloral  Urethane,  CCl,.CH<j^j^  ^^  q  ^^I  ,  from  urelhane  and  chloral, 
melts  al  103°.  Acid  anhydrides  convert  it  into  Irichlorethidene  Urilkanr^  CCl,  ,■ 
LH  :  N  .  COaC,H,.  melting  al  143°  (E.  ay.  1148). 

Urilh.me  Arilii  Acy,  CO,H .  CH,NHCO,C,H.,  is  produced  00  evaporating 
utethane  acetlcesler,  CjHjOCO  .  CH,  .  NH  .  CO,C,Hi.  wilh  hydrocliloric  acid.  The 
■eld  nie1lsal68°;  Ibe  esler  melts  al  24.5-27°  and  boils  at  45"  (13  mm.);  see  dtra- 
mine  acetic  add,  p.  361  (B.  ag,  16S1). 

N,lrB!Qurtlhatti,  NO  .  NH  .  CO,C,H,|,  mells  at  51'  with  decomposition.  It  forms 
on  reducing  ammonium  nitrourelhane  wjlh  glacial  acetic  acid  and  zinc  dusi  (A.  a88, 
3°4). 

CH,    , 


Nilresomelhyl  Urilham,  CO,C,HiN< 


NO 


melhyl    urelhane   and    oilious 

'ben  it  is  digested  with  melhyl  alcoholic 


acid,  is  a  liquid  which  yields  diazomcthan 
potash  (B.  98,855). 

Nitfocarbamic  Arid,  NO,  .  NH  .  CO.H,  when  liberaled  by  sulphuric  acid  from  its 
potassium  salt,  surrounded  hy  ice,  breaks  down  into  nilramide,  NO,,  NH„  melting 
at  71-85".  and  carbon  dioxide.  The  nilramide  is  extracted  by  ether.  Potassium 
Nilrmarbamali ,  NO,.  NH  .CO,K,  consisting  of  delicate,  white  needles,  is  produced 
when  melhyl  alcoholic  potash  is  allowed  to  act  upon  potassium  nilrourelhitne. 

Nitraurahant.  NO,NHCO,C,H.,  melting  al  64°,  is  produced  when  ethyl  nitrate 
sets  upon  a  cooled  sulphuric  acid  solution  of  urethane.  It  dissolves  readily  in  water, 
and  very  easily  in  ether  and  alcohol,  but  very  sparingly  in  ligroine.  It  has  a  strong 
acid  reaction.  Its  salts  are  neutral  in  their  reaction.  Ammonium  Nitrourelhanr, 
NO,N(NH,)CO.C,H,.  PotasHum  Nilrourtlhant,  NO,NKC0,C,Hj  (J.  ITiiele  and 
\.  I^climann,  A..  388,  26;). 

M/iiyl  NiiraurelhaHt,  NO,N(CH,KO,C,H,,  is  a  colorless  oil  with  an  agreeable 
odor.  It  is  formed  when  methyl  iodide  and  silver  nitrourelhane  interact,  «nd  also 
from  melhyl  urethane.     Ammonia  decomposes  it  Into  methyl  nitramine,  p.  171. 

Urea  Chlorides,  Carbamic  Acid  Chlorides,  are  produced  by  the 
interaction  of  phosgene  gas  and  ammonium  chloride  at  400"  (B-  20, 


J 
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858 ;  21,  R.  293)  ;  by  action  of  COCl,  upon  the  hydrochlorides  of  the 
primary  amines  at  260-270^,  and  also  upon  the  secondary  amines  in 
benzene  solution : 

COCl,  -h  NH,.  HQ  =  CI .  CO .  NH,  +  aHQ. 

Urea  Chloride,  Carbamic  Acid  Chloride,  Chlorcarbonic  Amide,  Q .  CONH,, 
melts  at  50°  and  boils  at  61-62°,  when  it  dissociates  into  hydrochloric  acid  and  iso- 
cyanic  acid,  HCNO.  The  latter  partly  polymerizes  to  cyameltde.  Urea  chloride 
suffers  a  like  change  on  standing. 

Carbamatide^  N, .CO.NH,,  melting  at  97°,  is  obtained  from  semicarbazide 
p.  405)  and  nitrous  acid.  Water  decomposes  it  into  CO,,  NH„  and  N^H  (J.  pr. 
~h.  [2]  52,  467). 


^ 


Mono- alky  I  Urea  Chlorides  : 

CI 
Ethyl  Urea  Chloride ^  ^^^NH   CH  '  ^^  obtained  fipom  ethylisocyanate  and 

CI 
hydrochloric   acid,  boils  at  92°.      Methyl  Urea   Chloride^  ^^"^NH    CH  »  ™*^ts 

about  90°  and  boils  at  93-94°. 

These  compounds  boil  apparently  without  decomposition,  yet  they  suffer  dissocia- 
tion into  hydrochloric  acid   and   isocyanic  acid  esters,  which  reunite  on  cooling: 

CO.  NR  +  HCl  =  CO<^^,^j^. 

Dialkyl  Urea  Chlorides : 

Dimethyl  Urea  Chloride,  Q0<^^^^^,  boils  at  167°  C. 

Diethyl  Urea  Chloride,  ^^"^Cl    *        *  **  obtained  from  diethyl  oxamic  acid  by 

means  of  PCI5.     It  boils  at  190-195**. 

Deportment :  (i)  The  urea  chlorides  are  decomposed  by  water  into  CO,  and 
ammonium  chlorides.  (2)  They  yield  urethanes  with  alcohols.  (3)  With  amines 
they  form  alkylic  ureas  : 

CO<NH,  +  C,H,.  NH,  =  CO<N|}^-  ^«"»  +  HCl. 

Nucleus-synthetic  reactions  :  (4)  With  benzene  and  phenol  ethers  in  the  presence  of 
AlCl,  they  yield  acid  amides :  COCl .  NH,  -|-  C,H,  =  Q^\ .  CO .  NH,  -f-  HCl. 

NH 

Carbamide,  Urea,  ^^<nh'»  melting  at  132-133°,  was  discovered 

by  V.  Rouelle  in  urine  in  1773,  and  was  first  synthesized  from  isocya- 
nate  of  ammonium  by  Wohler  in  1828  (Pogg,  A.  (1825)  3,  177; 
(1828)  12,  253).  This  was  a  brilliant  discovery,  which  showed  that 
organic  as  well  as  inorganic  compounds  could  be  built  up  artificially 
from  their  elements  (p.  17).  It  occurs  in  various  animal  fluids, 
chiefly  in  the  urine  of  mammals,  and  can  be  separated  as  nitrate  from 
concentrated  urine  on  the  addition  of  nitric  acid.  It  is  present  in 
small  quantities  in  the  urine  of  birds  and  reptiles.  A  full-grown  man 
voids  upon  an  average  about  30  grams  of  urea  daily.  The  formation 
of  this  substance  is  due  to  the  decomposition  of  albuminoid  substances. 
It  may  be  prepared  artificially:    (i)  by  evaporating  the  aqueous  solu- 


CO:N.NH,  yields  CO<JJJJ'. 

Miied  aqueous  solulions  of  potassium  cyanale  and  aininoniQm  sulpliale  (in  equiva- 
ieni  quanlilies)  are  eripcFrnled  ;  on  cooling,  polassium  sulpliale  etystalliies  out  and  is 
filtered  olf,  the  Ullrate  being  evipotated  to  dryness,  aod  the  urea  entracted  by  means 
of  hot  alcohol.  This  is  also  a  rcreisibic  process.  On  bcBling  j'jn  urea  solution  for 
some  lime  to  loo",  four  to  five  per  eenl.  of  ihe  urea  will  be  changed  (o  ammoniiun 
cyanote  (B.  29,  K.  S29). 

It  is  also  formed  by  the  methods  in  general  use  in  the  preparation 
of  acid  amides;  (2)  by  the  action  of  ammonia  (a)  upon  carbamic  esters 
or  iirethanes,  (&)  upon  alkylic  carbonic  esters,  (i*)  upon  fused  phenyl 
carbonate  (B.  17,  ji86).  and  (1/)  upon  chlorcarbonic  esters.  The 
bodies  mentioned  under  i,  e  and  >i  first  change  to  carbamic  esters : 

NH, .  CO,C,H.  +    NH,  =  NH,CONH,  +  C.H.OH 

CO(OC,H,l,  +  jNH,  ^  NH.CONH,  +  aCjHsOH 
CO{OC,H,),  4-  2NH,  =  NH,CONH,  4-  iQH.OH 
Cl(CO,C,Hj)   +  3NH,  =  NH.CONH,  +  C,fl,OH  +  NHjQ. 

(3)  By  the  action  of  ammonia  upon  phosgene  and  urea  chloride : 


(4)  By  heating  ammonium  carbamate  or  thiocarbamate   to   130- 
140=. 

The  iwo  following  methods  of  formation  show  the  genetic  relation 
of  urea  with  thiourea,  cyanamide  and  guanidine  : 

(5)  Potassium  permanganate  oxidizes  thiourea  to  urea.     (6)  Small 
quantities  of  acids  convert  cyanamide  into  urea : 


CN.NH,  +  H,0  =  CO<: 


Nil, 
NH,- 


L 


(7)  Urea  is  formed  when  guanidine  is  boiled  with  dilute  sulphuric 
acid  or  baryta  water ; 

NH  ;  C(NH,),  +  H,0  =  CO{NH,),  +  Nil,. 

Urea  crystallizes  in  long,  rhombic  prisms  or  needles,  which  have  a 
cooling  taste,  like  that  of  saltpetre.  It  can  be  readily  obtained  pure 
by  one  recryslallizalion  from  amyl  alcohol  (B.  36,  2443).  It  dissolves 
n  one  part  of  cold  water  and  in  five  parts  of  alcohol ;  it  is  almost  in- 
soluble in  ether.  It  melts  at  132",  and  above  that  temperature  breaks 
up  (i)  into  ammonia,  ammelide,  biuret  and  cyanuric  acid,  (a)  When 
urea  is  heated  above  100°  with  water,  or  when  boiled  with  alkalies  or 
acids,  it  decomposes  into  carbon  dioxide  and  ammonia.  The  same  ' 
decomposition  occurs  in  the  decay  of  urine. 
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(3)  Nitrous  acid  decomposes  urea,  in  the  same  manner  that  it  de- 
composes all  other  amides : 

(4)  An  alkaline  hypobromite  decomposes  urea  into  nitrogen,  car- 
bon dioxide  and  water : 

CO(NH,),  +  3NaOBr  =  CO,  -f  N,  -f  2H,0  +  3NaBr. 

Sa//s  :  Urea,  like  glycocoll,  fonns  crystalline  compounds  with  acids,  bases  and 
salts.  Although  it  is  a  diamide  it  combines  with  but  one  equivalent  of  acid  (one  of 
the  amido-groups  is  neutralized  by  the  carbonyl  group). 

C/rfa  Nitrate ^  CH^N,0 .  HNOj,  shining  leaflets,  which  are  not  very  soluble  in  nit- 
ric acid.  The  oxalate^  C0v.NII,)jC,H,04  -f-  2H,0,  consists  of  thin  leaflets,  which 
are  soluble  in  water. 

On  evaporating  a  solution  containing  both  urea  and  sodium  chloride,  the  compound, 
CM^NjO .  NaCi  -{-  H,0,  separates  in  shining  prisms. 

The  extent  of  the  decomposition  of  albuminoid  substances  in  the 
animal  body  is  one  of  the  fundamental  questions  of  physiology.  Urea 
is  by  far  the  most  predominant  of  the  nitrogenous  decomposition  pro- 
ducts of  albuminous  substances  in  mammalia  and  batrachia.  Its  accu- 
rate determination  is,  therefore,  of  the  utmost  importance. 

The  Kjeldahl-Wilfarth  method  is  the  best  adapted  for  the  estimation  of  nitrogen  in 
the  products  of  the  metabolism.  The  method  of  Liebig  may  also  be  used  for  the  de- 
termination of  urea.  It  consists  in  titrating  in  neutral  solution  with  mercuric  nitrate, 
when  a  precipitate,  consisting  of  a  mixture  of  double  compounds  of  carbamide  and 
mercuric  nitrate,  separates,  together  with  the  simultaneous  liberation  of  nitric  acid. 
The  Knop-Hiifner  method  consists  in  decomposing  the  urea  with  sodium  hypobro- 
mite (see  above).  Ptliiger  and  his  students  have  critically  examined  all  methods  sug- 
gested for  this  purpose  (compare  Arch.  f.  d.  ges.  Phys.  21,  248;  35,  199;  36, 
loi,etc.). 

Alkylic  ureas  are  produced  according  to  the  «ame  reactions  which  yield  urea  (i) 
when  primary  or  secondary  amines  act  u[)on  isocyanic  esters  or  isocyanic  acid  : 

CO  :  NH  -f  NHj .  CjHj  =  CO<;JJJ  *  ^^^^ 

Ethyl  Urea. 

CO  ^  N  .  CjH^  -f  NH(C2ll5),  =  N(C2H5),CO .  NH  .  C^Hj 

Triethyl  Urea. 

Alkylic  ureas  are  formed,  too,  when  isocyanic  esters  are  heated  with  water — CO,, 
and  amines  being  produced  ;  the  latter  unite  with  the  esters  : 

CO :  N  .  CjHj  +  \\0  -:=  Nil, .  C^H^  -[-  CO,  and 

CO :  N .  qilj  +  NH, .  C,H5  -_.  C0<^[{  *  ^^. 

(2)  They  are  also  obtained  by  the  action  of  urea  chloride  and  alkyl- urea  chlorides 
upon  ammonia,  and  primary  and  secondary  amines  (p.  396),  as  well  as  by  the  action 
of  phosgene  on  the  latter. 


(3)  Bylhe 

cid  radicals: 

co<; 


ALRYLIC  UREAS. 
ic  allcalies  on  the  urddc»,  ihe  i 


NH.CO.CH, 
NH  .  CHj 

MtUiyl  Acetyl  Vira 


=  ™<515'cH   +CH.CO,K. 

Mclbyl  Urea. 


Ureas  of  Ibis  class  are  petfeclly  analogous  Id  ordinary  urea  so  far  aa  propertici  and  1 
reactions  are  concerned.     They  genenliy  form  ebUs  wjlh  one  eguivaleni  of  acid,  r 
They  are  crystalline  salts,  with  the  exception  of  those  containing  four  nlkyl  groups.  ' 
On  healing  those  with  one  alliyl  group,  cyanic  acid  (or  cyanuric  acid)  and  an  amine 
are  ptoduced.    The  higher  alltyliied  members  cin  be  distilled  without  decomposition^ 
Boiling  alkalies  conveit  lliem  all  into  CO,  ntld  amines  : 


C0<™™'  +  H.O 

(4)  By  desulphuriiing  llie  atkylic 
ii™(B.  as.  k.  Dis). 

Methyl  Urea.  CO<J|J}  *  ^"".re 
mide  by  the  acticiu  of  bromine  and  ( 
nells  al  I02°. 

Ethyl  Urea.  C0<JJ{1 '  '^"',  m( 


=  CO,  -I-  NH, 
thio-uieas  with  a 


-  NH,.< 
alcohol]' 


:h,. 


on  healing  methyl  ai 
C  potash)  with  pola; 


a  Diethyl  Urea,  CO<Jj{j  ■  ^[J>,  radls  i 


(1-Diethyl   Urea,  CO<j 
Triethyl  Urea,  CO<j 


NH  .  C,Hs 


melts  ut  jo". 


nelts  2 


>,  boils 


ej"  and  bo 


■^NlCjHi  . 
Tetraethyl  Urea,  CO<JJf^«j"[' 

liling  that  of  peppermint. 

.  .NH.C.ll, 

'<mi,       ' 

CH,.CH— O 

,.«{p,4«4).  ^^^ 


Is  at  aaj". 


-f  peppen 
Allyl   Urea,   C0<;; 

bromide  into  pmpylen. 


',  mclH  at   Sj", 


and  is  converted   by  hydrogen 
>C:NH(B.  aa,  2990). 


■Nil 


Diallyi   Urea,   CO^pj,, ",.'(,',  5i'«ii/p//'nf,   is   formed   when   allyl   isocyanic 


5  heated 
Diallyi  Ihio  urei 
urea  mells  at  100°. 

UrraelhaHBl.  HO .  CH, ,  CH,  . NH .  CO .  NH,.  melting  al  95' 
oiyethytamine  isocyanale  or  2-amino-elhanol  (li.  iS,  K.  loio). 

NilTiiio-UTtti!  arc  formed  when  nitrites  act  upon  the  nitrates  or  sulphates  oC 
which  conlnin  an  alkyl  group  in  the  amido  group : 

Nilrme-milhyl  Urta,  NH,  .CO.  N(NO}CH,.     Nitreita  dirlhyl  Urea,  Nn(C,- 

S(CON(NO)C,Hj,  melting  at  S°,  is  a  yellow  oil  at  the  ordinary  lempeiature.      ""■ 
uction  of  these  compounds  gives  rise  to  the  semi-carlKtada  or  kydraiitt 
which  yield  atkvl  hydraaHr!  (p.  171]  vrhen  they  are  deconipoKd. 

''i//'0Hnd,  NO,  .NH.CO.  NH,.  is  produced  when  urea  nitrate  is  introduced  into 
eiilrated  sulphuric  acid.  Il  forms  a  white,  crytfallitie  powder  when  reeryslolliied 
water.  This  melt*  at  higher  temperatures  with  decomposition.  It  it  a  strong 
\  its  alkali  iialts  are  neutral  in  reaction,  and  expel  acetic  acid  (mm  acetates  (A. 
1S8,  aSi), 

■•    oftMy!  U'M,  NO,,  NIT.  CO.  NH  ,  C,H,,  mells  «t  130-lji 


ler  and  lend  oxide. 
il{p,  435).    Dialljl 

",  is  obtained  from  ^^^ 

•  sulphates  oC  ureal  ^^| 

(empeiature.      The  ^^1 
or  kydraiint  urtat,  ^^| 


1 
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Cyclic  Alkylen  Urea 

The  ureas  and  aldehydes  combine  at  the  ordinary  temperature,  with 
the  exit  of  water,  and  yield  the  following  compounds : 

VH 
Methylene  Urea,  CO<C^u>CH,,  consists  of  white,  grmniilar  crysuds  (B.  99, 

2751)- 

Ethidene  Urea,  CX)<^'}|>CH .  CH,.  melts  at  I54«. 

Ethylene  Urea,  ^^<xhCH  *  ^^^'^^^  ^^  ethidene  urea,  b  prodaced  oo 

heating  ethyl  carbonate  to  180°,  together  with  ethylene-diamine.     Needles,  melting 
at  I3i«. 

N    (XO )   ^^« 
DinUro  ethylene  Urea,  ^0<N .'  (NO*) '.  r^H  ' 

TrinuthyUne  Urea,  CO<^'[J  *  ch*>CH,,  melts  at  26o»  (A.  tja,  224). 

Ethylene  Diurea,  <,..u  >>C,H.,  is  prodaced  opon  heating  ethylene  dia- 

mine  hydrochloride  with  silver  cyanate.     It  melts  at  192°  with  decompositioo. 

Very  little  is  known  relative  to  the  action  of  urea  upon  JialdehyiUs,  aldekyde- 

NH.CH.NH 

ketones,  and  dt ketones  :  Acetylene  Diurea,  Glycoluril,  CO<  ,         i  >'CO(?), 

NH  .  CH . NH 

is  obtained  from  glyoxal  and  urea,  as  well  as  by  the  reduction  of  allantoln  ^B.  19, 

2477). 

Nitric     acid     converts     it     into     Dinitroghcolunl,     Acctvlcne-dinitro-diurelne, 

NH.CH.NiNO.) 
CO<  ,1  ,    ,       >C0,  decomposes  at  217°,  and  when  boiled  with   water 

NH  .  CH  .  N(  NOj) 

NH.CH .OH 
passes  into  glycoluretne,  CO<C  .1,  ,  isomeric  with  hydantolc  acid.     Con- 

NH.CH .OH 

suit  B.  26,  R.  291,  for  the  action  of  urea  upon  acetyl  acetone. 


DERIVATIVES  OP  UREA  WITH  ACID  RADICALS,  OR  UREIDES. 

The  urea  derivatives  of  the  monobasic  acids  are  obtained  in  the 
action  of  acid  chlorides  or  acid  anhydrides  upon  urea.  By  this  pro- 
cedure, however,  it  is  possible  to  introduce  l>ut  one  radical.  The 
compounds  are  solids;  they  decompose  when  heat  is  applied  to  them, 
and  do  not  form  salts  with  acids.  Alkalies  cause  ihem  to  separate  into 
their  components. 

Formyl  Urea,  NH, .  CO  .  NH  .  CHO,  melts  at  167°  (  B.  29,  2046). 

XH    C_H  O 
Acetyl  Urea,  ^O  :  ^'i-j*         '    »  '^  "°^  very  soluble  in  cold  water  and  alcohol. 

It  forms  long,  silky  needles,  which  melt  at  214°  {k.  229,  30).  Consult  B.  28,  R.  63, 
for  the  nielal  derivatives  of  formyl  and  acetyl  urea.  Heat  breaks  it  up  into  acetamide 
and  isocyatiuric  acid.  Chloracetyl  urea,  H,NCO  .  NH  .  CO  .  CHjCI,  decomposes 
about  160°.  liromacetyl  urea,  NH^CO .  NH  .  CO .  CH^Br,  dissolves  with  difficulty 
in  water.     When  lieatcd  with  ammonia  it  changes  to  hydantoin. 

Methyl  Acetyl  Urea,  CO<v'ii    (mi  '   >  i*  obtained  from  methyl  mra  upon 


I 
I 

I 


1  of  bromme  Bnd  polaislum 


aCH, .  CONH,  +  Br,  =  CO<}J: 


Diacelyl  Orea,  CO<JJ{J  '  ^^'^, 

ublimes  in  needles  wilhoul  deconiposili 


tMulli  when  COCl,  n 


n  scetunide,  and 


Urc'ides  of  Oxyacids.- 
or  cyclic  ureTdes  are  known,    Tliis  is 
lactic  acid  and  a-oxyisobutyric  acid. 

obtained  from  the  closed-chain  members  by  severing  a  lactam  union 
by  means  of  alkalies  or  alkaline  earths,  therefore  the  former  will  be 
treated  after  concluding  the  cyclic  ureldes,  e.g.: 


id  closed  chain  o^jd  ring-shaped 
ispecially  true  of  a-oxyacids,  like 
'     the  open-chain  uretdes 


NH  .  CH, 
^NH  .  CO 

Hyii»nloIn, 
Close.l-chain  Ureldi 
of  Glycollic  Acid 


^r,^NH.CH,,CO,H 


Glycolyl  Urea,  C,H,N,0„  Hydantoin,  may  be  obtained  (i)  from 

two  very  important  oxidation  products  of  uric  acid — allanloin  and 
alloxanic  acid — by  healing  ihem  with  hydriodic  acid ;  synthetically 
(a)  by  heating  bromacetyl  urea  with  alcoholic  ammonia,  when  hydro- 
gen bromide  is  split  off,  and  (3)  by  the  action  of  urea  upim  dioxytar- 
taricacid(A.  254,  158).  h  melts  at  216°.  When  boiled  with  baryta 
water,  it  passes  into  glycoluric  or  hydantoic  acid  r 


=  C0< 


NH.CH,CO.OH. 


Gljco 


^dd. 


E  otf  CO,  uid 


Nitrohjrdantoin.  C,H,{NO,)N,0,. 
I  npoD  bydBnIoIn.  It  melbi  at  170",  \V 
I  puses  into  nilro-amido  acecanikle  (B.  ai,  R.  5S). 

Glycoluric  Acid,  C,H,N,0„  KydantoTc  Acid,  was  originally  obtained  rrom 
itLC  acid  derivatives  ^alIautoill,  glyco-util,  hydantoin),  but  may  be  sjnlliesized  by 
healing  urea  with  glycocoU  to  no",  or  by  digeating  glycocoll  sulphate  with  potassium 
JHiCfonale,  aaalogoui  to  urea. 

Hyduiloic  acid  is  very  soluble  in  hot  water  and  alcobol.     When  heated  with 
bydHodicBcid  it  yields  CO,,  N1{,and  glycocoU. 
Taurixarbamic  AHd  (see  lauriDe,  p.  JI I ). 

IfydanloJn  Homologuti. — The  same  successioil  of  carbon  and  nitrogen  atoms  as 
WIS  noticed  in  the  bydantotn  occurs  in  the  glyoxalincs  or  iroidaiolesfp.  J2l)-  How- 
ever, the  hydantoin  ring  is  less  stable  than  the  glyoiaJine  ring.  On  replacing  the 
hydrogen  atoms  of  tbe  CH,-  and  the  two  NH-gtonps.  the  alkylic  hydantoin)  are 

I  obtained.     They  are  known  as  a-,  j3-  and   ^-derivatives,  and  are  repretcnled  u 
(bllovs: 


NH.CH, 
™<NH.t0 
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The  jd-alkylic  hydantolns  are  formed  when  urea  is  fused  together  with  mono- alky  lie 
glycocolls.     Water  and  ammonia  are  set  free. 

^-Metbyl-bydantoin,  C,H,(CH,)N,02,  was  Brst  obtained  from  creatinine,  and 
is  also  formed  when  sarcosine  (p.  355)  is  heated  with  urea  ;  or  by  heating  the  sarco> 
sine  with  cyanogen  chloride  (B.  15,  2111).    It  melts  at  157°. 

/i-Etbyl-hydantoin,  C,Hj(C2H5)N,0,,  crystallizes  in  rhombic  plates  which  melt 
at  100®  and  sublime  readily. 

The  }  -alkylic  hydantolns  are  produced  by  the  action  of  alkalies  and  alkyl  iodides 
upon  a-hydantoTns  (B.  25,  327).  The  a-derivatives  may  be  synthesized  by  heating 
the  cyanhydrins  of  the  aldehydes  and  ketones  (p.  349)  with  urea  (see  o-phenyl- 
hydantoTn,  and  J(^.  21,  2320) : 

CN  CO  .  NH 

R.CH-  l-H.N.CO.NH,  =  R.CH<  1      -f  NH,. 

OH  ^     '  *  ^NH.CO  * 

a-AIkyl-hydantBin. 

a-Lactyl  Urea,  C^H^NjO,.  a  Methyl -hydan torn.  It  is  formed  from  aldehyde 
ammonia  along  with  alanine,  if  cyanide  of  potassium,  containing  potassium  iso- 
cyanate,  be  u^ed  in  its  preparation.     It  melts  at  140-145°.     Boiled  with  baryta  it 

absorbs  water  and  forms  a-Lacturic  Acid^  ^^*Cmh  *  *     ♦  which  melts 

at  1550. 

NH  —  C(CH,), 
Acetonyl  Urea,  C^HgN/),  =  C0<  i         ^'\  a-Dimethyl-hydantoin, 

is  obtained  from  acetone,  prussic  acid  and  cyanic  acid  (A.  164,  264),  as  well  as 
from  pinacolyl  sulphourea  (p.  409).  It  melts  at  175°.  Boiling  baryta  water  con- 
verts it  into  acetonyluric  acid,  H^X .  CO .  Nil .  €(€113),  .  CO^H,  which  fuses  at 
155-160°. 

Both  of  the  preceding  bodies  are  ureldes  of  a-oxyisobutyric  acid. 

(CHO,C  — N(N()-)\ 
Nitroaceicnvl  Urea,  ^       *^*  ,  ^         "^  CO,  melts  at  140°  (B.  22,  R.  58). 

(C,H5),C  —  NH 
a-Dialkyhc    Hydantolns^    e.   g.^     a-Diethylhydantoin^  1  >CO, 

melting  at  165°,  can  be  prepared  from  cyanacelyl  cyanide,  by  transposing  it  to 
dielhylcyanacetyl  cyanide,  and  then  letting  bromine  and  caustic  potash  act  upon  the 

latter.    The  non-tangible  intermediate  product,  (C2H5)2C<^t  .  ^q*,  rearranges  itself 

into  a-diethyl-hydantolfn  (B.  29,  R.  517). 

CIl.CO.NU 
'^■LactylUrea,   \  1       ,  melting  at  275°   (B.  29,  R.  509),  is  analogously 

CH,.CO.NH,  .      ^ 

obtained  from  the  unstable  intermediate  product,    1  ,  resulting  from  the 

action  of  bromine  and  caustic  potash  upon  succinamide. 

The  ureTdes  of  glyoxylic  acid,  acetoacetic  acid,  oxalic  acid,  malonic 
acid,  tarironic  acid  and  mesoxalic  acid  will  receive  attention  under 
the  uric  acid  derivatives. 

Di-  and  Tricarboxylamide  Derivatives.  Urddes  of  Carbonic  Acid. — Free 
dicarbamidic  or  imidodicarbonic  acid  cannot  exist.  Some  of  its  derivatives  are 
rather  remarkable.  They  sustain  the  same  relation  to  carbamic  acid  that  diglycola- 
midic  acid  bears  to  glycocoU.     A  derivative  of  tricarbamidic  acid  is  known  : 


NH, .  CH, ,  CO,H 


(NH.COOH) 

Citbimic  Add 


lODlCAKBUNlC  ESTER. 

""*-CIi,.CO,H 

Drglyeolamldlc 


.CH,.COOH 

fCH,,COOH 
^CH,.COOH 


,CO,H  \ 

k:o,h  1 


arbBmidi 


NUiilotncubonic 


Dicarbaraidic  Ester,  Imidodi carbonic  Ester,  NH(C0,C,H5\, 
I  niclis  at  50°  and  boils  at  215°.  It  results  when  CICO.C.H,  (B.  23. 
J  3785)  acts  upon  sodium  urethane  {p.  394^ 


>on  urcu  (2  moU.)(B.  ag,  K. 
IS  atcohols,  Al  6ral  carbamic 
d  molecule  of  cyanic  acid  and 


Allophanic  Acid,  CO<J3U'  co.H-  ** 
I  fbnned  (i)  wlien  cbiorcarboaic  eitcis  (1  m 
V  589]  1  (1)  by  leading  cyanic  acid  vapors  inti 
kacid  esten  are  produced  )  tbeie  combine  w: 
I  jield  allophanic  esters  (13.  aa,  1572) : 

CONH  +  NH,.  CO,.  C,H,  =  NH,CONHCO,C,H(. 

I  From  carbamic  eslers  or  urellianes  (3]  by  the  action  of  urea  chloride  (B.  ai,  393],  or 
I  (4)  with  ihiooyl  chloride  (B.  a6,  2173) : 

aNH,CO,C,H,  -f.  SOa,  =  NHjCONH .  CO,C,H,  +  HCl  +  SO,  4-  C.H^Cl. 

Elkyl  Alhphanii  i^rf^r,  NH,  -  CO.  NH .  CO, .  C.H,.  melia  at  190-151=.  The 
propyl uler  melts  at  ISS"-     The  amylestrr  mells  at  ifia". 

The  allophanic  eslers  disEolvc  wiib  ditKcully  in  water,  and,  vhcn  heated,  split  up 
into  alcohol,  ammonia  and  cyanuric  acid.  The  allophanalea  are  obtained  from  Ihcin 
by  means  of  the  alkalies  or  baryU  water.  They  show  an  alkaline  reaction  and  ate 
decomposed  by  carbonic  acid.  On  attempting  to  free  the  acid  by  means  of  mineral 
acids,  it  al  once  breaks  up  into  CO,  and  urea. 

Cyanamido-CBibDnic  Acid,CO<Q|T  '^^ ,  Cyancarbamic  Acid,  is  the  corre- 
Its  lalls  are  formed  by  the  sddilion  of  CO, 

aCN .  NHNa  +  CO,  =  CO<p|j^"'  ■  ^^  +  CN .  NH,, 


The  tslirs  of  this  acid  result  by  the  action  of  alcoholic  \>o\ 


ft  allophanic  esters  with  ammonia  to  loo",  or  urea  to  150-160° ; 


1  readily  soluble  in  alcohol  and  wMer,  and  crystallite*  with  t  rooleeule  of 
in  the  form  of  warts  and  needles.  When  anhydrous,  hiiirel  mells  al  190", 
comjHises  further  into  Mil,  and  cyanuric  acid.      The  aijueuus  kululiiin,  coo* 
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taining  KOH,  is  colored  a  violet  red  by  copper  sulphate  (B.  29,  298 ;  R.  589). 
licaied  in  a  current  of  HCl,  biuret  decomposes  into  NH,,  CO|,  cyanuric  acid,  urea 
and  guanidine. 

Carbamin  cyanide^  Cyan-urea,  NH, .  CO .  NH  .  CN,  the  half  nitrile  of  biuret,  is 
formed,  like  urea,  from  guanidine,  as  well  as  from  cyan -guanidine  or  dicyandiamide 
(p.  414),  by  action  of  bar>'ta  water,  and  when  digested  with  mineral  adds  yields 
biuret  ( li.  8,  708).     See  B.  25,  820,  for  alkylic  cyan-ureas. 

Carbonyl  Diurea,  CgH^N^Oi,  is  formed  on  heating  urea  with  COCl,  to  100®.  It 
is  a  crystalline  powder,  not  readily  dissolved  by  water.  Heat  converts  it  into  ammo- 
nia and  cyanuric  acid  (p.  419)  (B.  ag,  R.  589). 

Cynnaniuioiiicarbomc  Ester ^  CN  .  N(C02C,Hj)„  a  derivative  of  amidotricarbonic 
acid,  N(C(\H)„  not  capable  of  existing,  is  formed  when  chlorcaibonic  esters  act 
upon  sodium  cyanamide  (J.  pr.  Ch.  [2]  16,  146). 

Derivatives  of  Imidocarbonic  Acid. — The  pseudo-forms, 
imidocarbonic  acid  and  pseudo-urea,  correspond  to  carbamic  acid  and 
urea : 

NHj.COOH  NH:C(OH),  CO(NH,),  NH:C<q^« 

Carbamic  Acid  Imidocarbonic  Acid  Urea  ^r-Urea. 

These  modifications  are  not  known  in  a  free  state,  but  many  deriva- 
tives may  be  referred  to  them. 

Imidocarbonic  Ester,  HN:  C(0 .  QHj),,  boiling  at  62®  (36  mm.), 
is  produced  by  reducing  chlorimidocarbonic  ester  (B.  19,  862,  2650) 
and  from  di-imido-oxalic  ester  (p.  438)  by  the  action  of  alcoholic 
sodium  etliylate  (B.  28,  R.  760).  At  200°  it  breaks  down  into  alcohol 
and  cyanuric  ether  (B.  28,  2466). 

Ethyl  Ifniiioihlorcarbonic  Ester,  C2H5N:  CC1(0C,H5),  boiling  at 
126°,  is  formed  by  the  union  of  ethyl  isocyanide  (p.  237)  with  ethyl 
hypochlorite  (B.  28,  R.  760). 

Chlorimido-carbonic  Ethyl  Ester,  CIN  :  C(0  .  CjHg),,  melting  at  39®,  and  the  methyl 
ester,  melting  ai  20°,  are  produced  in  the  action  of  esters  of  hypochlorous  acid 
(p.  147)  upon  a  concentrated  potassium  cyanide  solution.  They  are  solids,  with  a 
peculiar  penetrating  odor,  and  distil  with  decomposition.  Alkalies  have  little  effect 
u[)on  them,  while  acids  break  them  up  quite  easily,  forming  ammonia,  esters  of  car- 
bonic acid  and  nitrogen  chloride. 

Bromimido-carbonic  Ethyl  Ester,  BrN  :  C(0CjH5),,  melting  at  43®,  results  when 

bromine  acts  upon  imidocarbonic  ester  (13.  28,  2470). 

CH,-0       ^ 
Derivatives   of  Vj-Urea. — Ethylene-pseudo-Urea,    1  >C:NH,    or 

CHj — NH 

CM      0\ 
I  ^^C.NHj,  is  produced  by  the  action  of   brom-ethylamine  hydrobromide 

upon  iwtassium  cyanate.     It  is  a  basic  oil,  which  solidifies  with  difficulty. 

Propylene-V'-Urea,  CjHg:  CON^H,,  results  from  H Br-propylamine and  potassium 
cyanate,  as  well  as  from  allyl  urea,  by  a  molecular  rearrangement  induced  by  hydro- 
bromic  acid  (H.  22,  2991).  . 

Diamide-  or  Hydrazine,  and  Di-imide  Derivatives  of  Carbonic  Acid. — 
Hydrazine  Carbonic  Ester,  Nil,  .  Nil  .  C(\  .  CjHj,  is  formed  by  reducing  nitro- 
urethane  with  zinc  and  acetic  acid.  Its  benzal  derivative,  CjHj .  CH:  N.  NH  .- 
COj  .  C^Hj,  melts  at  135°  (A.  288,  293). 


I 


SEMICARBAZIDB.      AZODICAKBOMIC  ACID. 

StmiiariatiJt.  Carbainic  Hydriuide,  Nil,  .  CO.  NH  .  NH„  melling  at  96=,  is 
formed  (i)  by  heatmg  urea  and  liydtuiine  liydtate  10  100'  (J.  pr.  Ch.  [2],  51,  465); 
(a)  from  hydraiiae  tutplialc  and  potiusium  cyanide ;  (3)  (rom  amido>gUiiniiIine  (B. 
*7.  31.  56):  (4)  from  oilro-urea  (A.  2B8,jiI).  With  benzaldehyde  U  yields  *«w/- 
lemicariathif,  NH,.  CO.  NHN  =  CU  ,  C,H,.  melting  at  214°,  Action/  Scmicar- 
iaume.  Nil,.  CO.NH.  N;C(CH,)„  melling  al  187°,  passes  into  biadi methyl azi- 
melhylene  (p.  iio]  (li.  39,  6ji). 

ActtMiiti.  Eitir  Carhatoni,  NH,  .  CO  .  NH  .  N  :  C(CH,) .  CH, .  CO,CjHi,  melt- 
ing at  lag"  (A.  283.  iS),  readily  passes  into  a  laclauun.  Semicnrbaiide  condenses 
with  beniil  to  1.2-dipIienyl  oiytriazine.  Semicarbaiide  is  a  reagent  for  aldehydes 
■Dd  ketones. 

Carbakydratidi,  NH, .  NH .  CO .  NH .  NH„ melUng  al  isa-isj". isobtained  frora 
carbonic  estei  and  hydrazine  hydrate  on  bealing  to  loa°  (J.  pr.  Ch.  []]  51,  469). 
Diitma!  Cariohydratid,.  CO(NH  .  N  =  CH  .  C.H,},.  mells  al  igS". 

Hydrat^dicarbmii  Eilfr,  Hydraii  carbonic  fclstcr.  C,H(,0  .  CO  .  NH  .  NH  .  CO  .- 
O  .  C,H,.  melting  al  I Jo",  boils  wilb  deconiposillon  about  ZJO".  and  is  prepared  from 
hydiBiioE  and  CI .  CO,C,H.  (B.  rj,  773;  J.  pt,  Ch,  \i\  5a,  47^). 

Hy,lra%o-diiaTbBnamidf,  Hydraio- form  amide,  NH,.  CONH  .  NH  .  CONH,. 
mdls  with  decomposllion  at  244-145°,  It  is  olilained  Trom  potassium  cyan  ate  nnd 
sails  of  diamide  or  hydrazine:  NH,  .  NH,.  It  also  results  upon  healing  seroicarba, 
lide  (B.  37,  57),  and  from  AiodkarLnamidi,  NH,.  CON  =  N ,  CONH,,  l.y 
reduction.     Il,  yields  the  latter  npoo  oxidation  (A.  371,  127',  B.  ali,  405). 

Cyclic   Hydrazine   Derivatives  of  Urea. — Uiazole,  HydraEadicarboniinide, 
NH.CO       ,„ 
I        (■n'*        '  ""'"'"B  "'  244°,  forms  00  heating  hydraio-dicarbon amide  to  200° 

(A.  383,  16),  or  from  urea  bihI  hydrajiine  sulphate  heated  to  120°  (B.  37,  409),  See 
also  triarote.     It  is  a  strong,  monobasic  acid. 

Milhylmi  Carbokydratidi,  CO<|JjJ  "  J|Jj,'^CH,  melting  al  i8l",  Is  produced  on 
healing  carbohydratidc  with  orthoformic  ester  lo  100°  (J.  pr,  Cb.  [i],  5a.  475). 

Diuria.  Bishydraztne  Carbonyl,  CO<fj|| '  nH>'^°'  ""'''"B  »'  ^T^"'  '^  formed 
from  hydrazine  carbonic  ester  and  hydrazine  hydrate  ai  100°  (B,  37,  2684;  J.  pr. 
Cb.  [I].  5a,  481). 

A.iodicarbonic  Acid,  Aco/omik  Acid,  CO,H .  N  =  N .  CO,H.  lis  potusiura 
salt  explodes  when  healed  al)ove  100°.  It  consists  of  small  yellow  needles,  ll  is 
foimed  when  aiodi  carbon  amide  is  boiled  with  concentrated  caustic  potash.  Il  readily 
decomposes  in  aqueous  aolution,  giving  off  CO.,  ptas^ium  carlionale,  diamide  and 
nitrogen.  The  isolBlion  of  the  unknown  di-imidc  NH  =  NH,  present  in  it,  baa  not 
yet  proved  successful.  The  ditthyl  tsttr,  boiling  at  106°  (13  mm.)  is  an  orange- 
yellow -colored  oil,  and  is  formed  when  nitric  acid  acts  upon  the  hydrazoester. 

Aiediiarhonamidi,  Aiofarmamide,  NH,CON  =  NCONH,,  is  an  orange-red- 
colored  powder.  It  is  produced  (i)  on  oxidiiing  hydrasoditarbonamide  nritb  cbroinic 
acid  1  I  z]  by  boiling  the  aqueous  soloiion  of  the  nitrate  of  taediiarbmami-lini, 
NH,.  ,NH, 

>C— N  =  N— cr  (p.  415), 

NH^  ^NH   "^  **' 

N  :  CfSO-Kl 

PelasHum  Atimelkane  Disulphenalt,   1  "*       .  iH,0,  is  formed  on  boiling 

falaaium  diatemflhant  disulphmialf,  «  >C[SO,K),,  in  xylene  solution.  Orange- 
yellow -colored  needles,  which  result  uhen  a  solution  of  potassium  nitrite  acts  upon 
primary  potassium  amino- melbane  disulphonale,  NH,.  CM(SO,K],— the  addition 
product  of  piussic  acid  and  monopotassium  sulphite  (H.  ag,  21G1), 

Hydroxy  lam  ine  Derivatives  of  Carbonic  Acid.— Osyurethane,  HO ,  NH .  ■ 
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CO,.  CjHj,  or  HON:  C<qu^    •»  is  a  colorless  liquid.     It  is  produced  when  an 

hydroxylamine  solution  acts  upon  chlorcarbonic  ester  (6.  27,  1254). 

Hydroxy!  Urea,  NH, .  CO.  NH  .  OH,  melting  at  128-130°,  dissolves  readily  in 
water  and  alcohol,  but  with  difficulty  in  ether.  It  is  obtained  from  hydroxylamine 
nitrate  and  potassium  isocyanate  (A.  x8a,  214). 


SULPHUR-CONTAINING  DERIVATIVES  OP  CARBAMIC  ACID  AND  OP  UREA. 

The  following  compounds  correspond  to  urethane  and  urea : 

CO<S  "k.  CS<NH^„^  CS<NHj,^  CS<N||;  or  NH :  C<NH« 

Thiocarbamic  Sulpbocarbamic  Ditbiocarbamic  Sulpbourea. 

Ester  Ester  Ester 

Many  reactions  of  sulphourea  indicate  that  its  constitution  is  prob- 
ably best  expressed  by  a  formula  analogous  to  one  of  the  non  existing 
pseudo  forms  of  urea. 

Imido-thiocarbonic  And,  NH  :  C<^giT ,  is  an  hypothetical  acid.    Its  derivatives  are 

all  of  the  aromatic  series  (see  phenyl-isothio-urethane),  unless  the  alkylic  derivatives 

of  thiocarbamic  acid  are  to  be  referred  to  this  pseudo-form. 

NH 
Thiocarbamic  Add^  Carbamine  Thiol  Acid,  CO<[mj  ',  is  not  known  in  the  free 

state.  Its  ammonium  salt  is  prepared  by  leading  COS  into  alcoholic  ammonia  (A. 
285,  173).  It  is  a  colorlfss,  crystalline  mass,  which  acquires  a  yellow  color  on  ex- 
posure to  the  air,  owing  to  the  formation  of  ammonium  sulphide.  When  heated  to 
130°  it  breaks  up  into  hydrogen  sulphide  and  urea. 

The  methyl  ester  ^  NH^ .  O ) .  S .  CHj,  melting  at  95-98°,  and  the  ethyl  ester,  melt- 
ing at  108°,  are  obtained  by  conducting  hydrochloric  acid  gas  into  a  solution  of  CNSK 
(orof  alkyl  sulphocyanates — B.  19,  1083)  in  alcohols  (together  with  esters  of  sulpho- 
carhamic  acid — J.  pr.  Ch.,  [2]  x6,  358)  ;  and  l)y  the  action  of  ammonia  upon  the 
dithiocarbonic  esters  and  chlorthioformic  esters. 

These  are  crystalline  compounds  which  dissolve  with  difficulty  in  water. 

Ethyl  Ethosulphocarbamic  Ester,  QH^ .  NH.  CO  S.  C^llj,  boils  at  204-208^ 
It  results  from  the  union  of  ethyl  isocyanate  wilh  ethyl  mercapian. 

Sufphotarbamic  Acid,  Xanthogenamic  Acid,  NHjCSOH,  is  known  in  its  alkyl 
compounds. 

The  esters  of  sulpbocarbamic  acid — thiourethanes,  the  xanthogenamides — are 
formed  when  alcoholic  ammonia  acts  upon  the  xanthic  esters  (p.  391) : 

CS<S:  c:":  +  NH,  =  CS<N"^,^„^  +  C,H..  SH. 

The  ethyl  ester  of  sulpbocarbamic  acid  is  slightly  soluble  in  water  and  melts  at 
38°.  'WiQ.  methyl  ester  m€\\.s  at  43°.  It  is  slightly  soluble  in  water.  Both  esters 
decompose  into  mercaptans,  cyanic  acid  and  cyanuric  acid  on  heating.  Alcoholic 
alkalies  decomjx)se  them  into  alcohols  and  thiocyanates. 

The  esters  of /7/>6 !'//<:  sulpbocarbamic  acids  are  obtained  when  the  mustard  oils  are 
heated  to  110°  with  anhydrous  alcohols: 

CS  :  N  .  C3H5  +  CjHj .  OH  =  CS<q"^'  ^\ 

They  are  liquids  with  an  odor  like  that  of  leeks,  boil  without  decomposition  and 
break  up  into  alcohols,  COj,  H^S  and  alk)lamines,  when  acted  upon  with  alkalies  or 


THIOUREA. 

acids  Ethyl  SMipkoeartamu  Etkyl  EiW.  C,H, .  NH .  CS .  O .  C,H,.  boils  Bt  204"- 
aogo.  Allyl  Sulfkaiarbamic  Ethyl  Eittr,  C.llj .  NH .  CS.  O .  C,Hj,  from  oltyl 
mustard  oil,  boils  al  ziaf-ll^". 

DiihiMarbamic  Acid,  NH,.  CS.SH  or  NH  =  C(SII),.  is  obukined  ss  ■  red  oil 

L   upon  ileeomjiosing  ill  ammonium  tall  with  dilute  sulphuric  acid.     Il  readily  breaks 

'    down  inlosulphocyanicBcid,  CN.SH,  aud  bydrogen  lulphide.      Waler  decomposes 

it  into cyanii^  acid  and  2l[,S.    \\i  ammoHium  salt.  Nil,  .  CS.  SNll,,  is  formed  when 

alcoholic  ammonia  ocls  upon  carbon  disulphide.     Il  consists  of  yellow  needlci  or 

prisms,      it  yields  mmaflatiiatBlti  with  a-halogen  ketones  |B.  iS,  K.  604)- 

The  dithiourethsneH  ore  ihe  esters  of  ihe  above  acid.     Tbey  gmse  when  the 
tbiocyanic  esters  are  heated  with  II,S  (compare  phenyl  dithiocaibomic  acid)  1 


N  = 


c.s,c,H5+  n,s  =  cs<i 


NH, 


<in.- 


'    They  are  crystalline  compounds,  soluble  in  alcohol  and  ether,  and  are  de 
into  ammonium  tbiocyinatc  and  mercaptins,  when  treated  willi  alcoholic  ai 

The  fMy/'flW- melt^  at  41-42°  and  llie/«>^'/n/(r  at  97". 

Aityl  diikifcorbauiie  Atii/i. — The  amine  salts  of  these  compounds  are  obtained  01 
heating  CS,  with  alcoholic  solutions  of  the  primary  and  secondary  amines : 

CS,4 


>>ell>yl  ThiDcaibBnilde. 


cs<; 


S,Nif.'?*H.)+A8N0.= 


cs<; 


SAg 


'  +  tNH,.C,H,lNO,. 


I 
1 

L 


i   These  yield  the  mustaid  oils,  or  isothiocysnic  < 

I        The  salts  obtained  from  the  secondary  ai 
107). 

C>ir^«''li'a/</i'ir,NH,CS5N(CH.CH,1,.  is  produced  by  healing  ammonium  dithio. 
carbnmale  together  with  aldehyde.  It  is  also  produced  on  mining  CS,  with  alco' 
faolic  aldehyde -ammonia  (B.  ll,  I383).  It  consists  of  latge,  shining  crystals,  and 
when  boiled  with  acids  decomposes  into  ammonia,  carbon  disulphide  and  aldehyde. 

Thiourea,  Sulphocarbamidc,  cs<JJ||>,  orNH:C<^i^^,  melting 
ax  172°,  is  obtained  (as  first  observed  by  Reynolds  in  1869 — A.  150, 
324)  by  healing  ammonium  thiocyanate  to  170-180"  (A.  179,  113), 
when  li.  transposition  analogous  to  that  occurring  in  the  formation  of 
utea  takes  place  (p.  397).  This  synthesis,  however,  does  not  proceed 
with  ease,  and  is  never  complete,  because  at  160-170°  sulphourea  is 
again  changed  to  ammonium  sulphocyanate: 


CSiN.NH. 


ito° 


^NH, 


Sulphourea  is  also  prodticed  by  ihe  action  of  hydrogen  sulphide  (in 


J 
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presence  of  a  little  ammonia)  or  ammonium  thiocyanate  upon  cyan- 
amide  (6.  8,  26) : 

ON .  NH,  +  SH,  =  CS<^y«. 

Sulphocarbamide  crystallizes  in  thick,  rhombic  prisms,  which  dis- 
solve easily  in  water  and  alcohol,  but  with  difficulty  in  ether;  they 
possess  a  bitter  taste  and  have  a  neutral  reaction. 

Transpositions :  (i)  When  sulphocarbamide  is  heated  with  water  to 
140^  it  again  becomes  ammonium  thiocyanate.  (2)  If  boiled  with 
alkalies,  hydrochloric  acid  or  sulphuric  acid,  it  decomposes  accord- 
ing to  the  equation  : 

CSNjH^  +  2H,0  =  CO,  H-  2NH,  +  H,S. 

(3)  Silver,  mercury,  or  lead  oxide  and  water  will  convert  it,  at  ordinary 
temperatures,  into  cyanamide,  CN,H,;  and  on  boiling  into  dicyandi- 
aniide  (p.  414).  (4)  KMnOi  converts  it,  in  cold  aqueous  solution, 
into  urea.  (5)  In  nitric  acid  solution,  or  by  means  of  H,0,  in  oxalic 
acid  solution,  salts  of  a  disulphide,  NH, .  C  =  (NH)S  —  S(NH)  == 
C .  NH„  not  knowa  in  a  free  state,  are  produced  (B.  24,  R.  71).  See 
B.  25,  R.  676,  upon  the  condensation  of  thiourea  with  aldehyde 
ammonias.  Sulphourea  condenses  with  a-chloraldehydes  and  a-chlor- 
ketones  to  amidothioazoles.  It  yields  aromatic  glyoxaline  derivatives 
when  heated  with  benzoin. 

Constitution. — The  behavior  of  thiourea  when  oxidized  in  acid  solution   and 

NH 
certain  other  reactions  rather  support  the  formula  NH  :C<[ojj  •  instead  of  the  di- 

amide  formula  (compare  J.  pr.  Ch.  [2]  47,  135).     Possibly  free  thiourea  possesses  the 

NH 

symmetrical  formula,  while  its  salts  are  derived  from  the  pseudo-form  NH  :  C<^ch  * 

(p.  54). 

Ihiourea  combines   with    I   equivalent  of   acid   to   form  salts.      The   nitrate, 

CSNjH^.HNOj,,  occurs  in  large  crystals.  Auric  chloride  and  platinic  chloride 
throw  down  red-colored  double  chlorides  from  the  concentrated  solution.  Silver 
nitrate  precipitates  CSN^H^NOjAg  (B.  24,  3956;  B.  25,  R.  583).  For  the  con- 
stitution of  these  metallic  salts  see  B.  17,  297. 

Alkyi  SulphocarbamideSy  in  which  the  alkyl  groups  are  linked  to  nitrogen,  are 
produced — 

(i)  On  heating  the  mustard  oils  with  primary  and  secondary  amine  bases  (A.  W. 
Hofmann,  B.  x,  27)  : 

CS :  N  .  CjHj  -h  NH,  =  CS<^|^  *  ^«"» 

Ethyl  Sulphocarbamide 

NH, .  CjHj  -f  CS :  N .  CjH^  =  NHC^H.CSNHCjH^ 

Sym.  Diethyl  Sulphourea 

NHCCjHj),  -h  CS ;  N .  CjH^  =  N(C,H5),CSNHC,H5 

Triethyl  Sulphourea. 

(2)  By  heating  the  amide  salts  of  the  alkyl  dilhiocarbamic  acids  (B.    i,  25) 

(p.  407) : 

^^'^S(NH,.  CjHj)  —  ^^^NH  .  CjHj  "*"  "«^- 


I 


ETHYLENE  SULPHOCABBAHtDE. 


Ethyl  Sulp hoc arbamide,  CS<S[j  '  ',  melling  at  113°,  dissoises  remdily  in 
water  and  »lcoliol. 

Sjrm.  Diettiyl  Sulptaocarbamide,  CS<^jJ'^[j\  melts  at  77'.  Unsjn). 
Diftliyllhieuria  mtlti  al  169".  Tritthyllhhurta  melts  at  a6°  »nd  boils  at  2os*. 
MottomtthyllkioHrra  mills  ul  119°.  Sym.  Dimcthyllliiauria  inells  al  61°  (D.  14, 
2729;  aS,  R.  424).  Unsyni.  Dimtlhjtihinurta,  NH,CSN(CH^„  melia  at  159" 
(U.  a6,  2505).     FiBpyltkieuria.  see  B.  33.  2^6;  aC,  K.  S7. 

Allyl  Stilphocarbaniide,  CS<2[| '  *"'"'.  TAiennamiae,  is  ronned  by  the 
union  of  atljl  muslard  oil  with  ammonia  (p.  425). 

It  melts  al  74°.  It  ia  readily  soluble  in  water,  alcohol  and  clher.  Allyl  cyana- 
mide  and  triallyl-mci amine  are  produced  on  boiling  with  metouric  oxide  ot  lead 
hydroxide  (p.  427).  Hydrogen  biomide  changes  it  lo  propyl enepseudolhiourea 
{comp.  B.  29,  R.  6S4). 

TransfBrmatiom  e/Ihe  Aliyl  Sulphourras. 

( I)  Tbe  sulphocatbamides  tegenerate  amines  and  mustard  oils  by  disitlbtion  wiih 
P,0,,  or  nhen  heated  in  HClgns: 


(3)  The*sulphar  In  the  alkylic  sulphocarbamides  miy  be  replaced  tiy  oxygen  if 
Iiese  compounds  are  boiled  witb  water  and  mercuric  oiide  or  leml  oiide.  TIiom 
Iial  contain  Iwo  alkyl  groups  jield  Ilie  corresponding  ureas  : 


3  C.NH.C,H(  +  SH,. 


,NH.C,n,  /NH.C,H. 

■S<  +  NH,-C,Hi  +  HgO  =  C=N.C,H,     +  HgS -( 

^NH,C,H,  \NH.C,H, 


Consult  B,  23,  171,  upon  the  conatilulion  of  the  diatkytic  sulphocarbemidei. 

Ethylene  Sulpho carbamide,  CS<^!|^|:>C,H,,  is  obtained  from  elhylene-diBm- 
ne  and  carbon  disulphide  (B.  s>  241)'     It  melts  at  I9i°. 

Pinacelyl  Sutpkotarbamiiit,  Tclrainethyl-ethjflene-salphQcarliamide,  Carbolhiace- 
tonine,  CS[NHC(CH,|,],,  niells  at  240-143°,  and  is  lonned  by  the  action  of  ammonia 
upon  carUm  disulphicle  and  acetone  (B.  Sg,  K.  669]. 

Dirwalivei  e/  Fuudaiulphixarbamide. — In  the  preceding  derivatives  (immaterial 
whether  they  are  derived  from  the  lym.  or  unsym.  sulpbocatbamide  formula)  the 
alkyl  groups  were  in  all  cases  joined  lo  nitrogen,  vhcreas  the  compounds  about  to 
be  described  must  be  conildered  as  derivalives  of  pseudosulphocarbamide. 

The  ntkylic  pituiiniiilfkt^  arbamidn  result  upon  the  addition  of  alkyl  iodides  to 
the  thioureas.  The  alkyl  groups  contained  in  iheni  are  united  with  sulphur  because, 
when  ibcy  are  acted  upon  with  ammonia,  they  are  chaiigeil  lo  guanidincs  and  mcr- 
caplans  (B.  11,  493  1  13,  3195}. 
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Alkylen  Derivatives  of  Pseudosulphourea. 

o         CH 
Ethylene -pseudothiourea,  NH  .  C<  i    '  or,  more  probably, 

NH  .  CHj 

/S— CH, 
NHjCv^         I      ,  is  obtained  from  HBr-ethyleneamine  and  potassium  thiocyanate. 

It  is  a  base  with  strong  basic  properties.    Its  salts  crystallize  well.    It  melts  at  85® 
(B.  22,  1 141,  2984;  24,  260). 

Propylene-pseudothiourea,  C,Hf :  CSN^H,,  from  brompropylamine  and  potas- 
sium thiocyanate,  is  perfectly  similar.  It  also  results  from  allyl  thiourea  by  action  of 
hydrobromic  acid  : 

CH,  =  en  _±JiB^  cHBr    --»i?!-^  CH.CH-S. 

t'n,NH .  CSNH,  (k^^j^jj   CSNH.  CH.-N^ "  ^H,. 

NH 
Acetyl     Pseudosulphocarbaxnide,     HN  =  C<c    r  h  O  ^  obtained    from 

thiourea  by  heating  it  with  acetic  anhydride  ;  also  from  cyanamide  (carbodilmide,  p. 

426)  and  thioacetic  acid.     This  second  method  argues  for  the  compound  being  a 

derivative  of  pseudosulphocarbamide.     It  melts  at  165°. 

NH  .  CO 
Pseudothio-,   or  -sulpho-hydantoin,    HN :  C<  ,  1      ,  is  obtained  when 

S CH, 

chloracelic  acid  (A.  x66,  383)  acts  on  sulphocarbamide,  and  was  formerly  thought 

NH.CO  .  .       ^ 

to  be  the  real  ihiohydantoin,  CS<  4      .     However,  its  formation  from  cyan- 

amide  and  ihio^lycollic  acid  and  its  decom|X)silion ,  when  boiled  with  baryta  water, 
into  thioglycollic  acid  and  dicyandiamide  prove  that  it  is  a  pseudosulphocarbamide 
derivative,  which  contains  the  ring  (p.  423)  occurring  in  thiazole  compounds  (B.  12, 
13S5,  15S8). 

Pscudosuiphohydantoln  crystallizes  from  hot  water  in  long  needles,  and  decom- 
poses near  200®. 

NH.CO 

Boiling  acids  convert  it  into  mustard-oil  acetic  acidy  C0<^  ,  1      ,  with  elimi- 

S— — CH, 
nation  of  NHj. 

Hydrazine  Derivatives  of  Thiocarbonic  Acid. 

Diammonium  DithiocarbazinatCy  NH, .  Nil  .  CSSNH,  .  NH,,  melting  at  124°,  is 
formed  when  hydrazine  hydrate  acts  upon  CS,  (B.  29,  R.  233).  HydrazodUarbonthi' 
amide,  N'HjCS.  Nil  .  NH  .  CS  .  NH,, melting  at  214°,  is  formed  on  boiling  a  solution 
of  liydrazine  sulphate  with  ammonium  sulphocyanide  (B.  26,  2877),  with  the  simultane- 
ous production  of  rhio:sct)tiiarbazide^  NPI^ .  NH  .  CS  .  NH,,  melting  at  181-183°  (B* 
28,  048).  Methyl  thioscnticarbazide^  CH, .  NH  .  CS  .  NH  .  NH,.  melting  at  137®, 
and  Dimethyl  thiosemicarbazide^  CH, .  NH  .  CSNH  .  NHCH,,  melting  at  138°,  are 
formed  from  methylene  mustard  oil,  hydrazine  and  methyl  hydrazine  (B.  29,  2920). 
Ilydnizcdi.arbou  fhioallylamide,  CsH^NIi  .  CSNH  .  NH  .  CSNHCjHj  (B.  29,  859). 

Formyl  methyl  thiosemicarbazide^  CH3  .  NH  .   |  i,        »  melting  at  167°,  combines 

C  :  S— CHO 

NH  — N 
with  acetyl   chloride   to  Methyl  imidothiodiazohne^  CH, .  NH  .  1  n      ,    melts 

CS .  — CH 

at  245°  (B.  27,  622). 

NH  .  CS       ^ 
Dithwnrazoley  1  >-NH,  melts  at  about  245°  with  decomposition,  and  is 

NH.CS  f  » 


GDANIDINE  AND    ITS   DERIVATIVES. 


formed  on  healing  hydraajdiotbonlhiBmide  wilh  hydrochloric  acid.       The  hyilro- 

(B.  38.  949). 

aUANIDlNB  AND  ITS  DERIVATIVES. 
Guaaidine  is,  ujion  the  uiic  hand,  very  closely  related  lo  ortliocar- 
lonic  esier,  urea  aniJ  sulphocaibamide,  and,  upon  the  other,  to  cyana- 
(lide  (p.  426).  The  carbonic  acid  derivatives  just  mentioned  are 
mited  by  a  series  of  reactions.  Guanidine  belongs  to  the  amidines, 
and  may  be  regarded  as  the  amidine  of  amidocarbonic  acid  : 

N"it-^0  "">"-^S  ""■'-V^H 

Urea  Sulphocaibamide  GuantdTne. 

The  pseudo-forms  of  urea  and  thiourea — 


,./NH, 


known  in  the  form  of  various  derivatives,  are  the  aniidincsof  carbonic 

ind  thiocarbonic  acids. 

Guanidine,  HN  ;  C<^JJ',  was  first  obtained  (A.  Strecker,  i85i) 
By  ihe  oxidation  of  guanine  (a  substance  closely  related  to  uric  acid, 
and  found  in  guano)  with  hydrochloric  acid  and  potassium  clilorale. 
't  is  found  in  certain  seeds  and  in  becl-jiiice  (B.  ag,  3651).     It  is  also 

mportanl  as  the  substance  from  which  creatine  is  derived.  It  is 
formed  synthetically  (i)  by  heating  cyanogen  iodide  and  NHj,  and 
from  cyanamide  (p.  426)  and  ammonium  chloride  in  alcoholic  solu- 
tion at  loo"! 


CN.NH,  -t-  NH,.1IC1  =  HjS'O 


i  analogous  to  the  formation  of  formamidine  from  HCN. 
(i)  It  is  also  produced  by  heating  chloropicrin  or  (3)  esters  of  ortho- 
carbonic  acid,  with  aqueous  ammonia,  to  150°  : 

C(O.C,H,), +  3NH,^ 

(4)  It  is  most  readily  prepared  rromthesulpbocyiinste,  which  is  made  by  prolonged 
heating  ofanunoiiiiim  sulplincyannte  10  180-190°,  and  the  lunbei  transposition  of  the 
tliiaurea  that  rorms  at  first  (B.  7,  92)  : 

a|{'-;J>CS  =  HJn^C.  NH  .  CNSH  +  H,S. 
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The  cr)'stals  of  guanidine  are  very  soluble  in  water  and  alcohol,  and 
deliquesce  on  exposure.     Baryta  water  changes  it  to  urea. 

Salts. — It  is  a  strong  base,  absorbing  CO,  from  the  air  and  yielding  crystalline 
salts  with  I  equivalent  of  the  acids.  The  nitraU^  CN,H^ .  HNO,,  consists  of  large 
scales,  which  are  sparingly  soluble  in  water.  The  I/Ci-salt^  CN,H^.  HCI»  yields  s 
platinum  double  salt,  crystallizing  in  yellow  needles.  Tlie  carionate^  (^^s^s)!  •  ~ 
HjCOj,  consists  of  quadratic  prisms,  and  reacts  alkaline.  The  iulphocyanate^  CN,- 
H5.  HSCN,  crystallizes  in  large  leaflets,  that  melt  at  1 18^. 

The  alkyl  guanidines  result  ( I )  on  heating  cyanamide  with  the  HCl-salts  of  the 
primary  amines — €  g.^  Methyl  Guanidine ;  (2)  by  boiling  syro.  dialkylic  thio-ureas 
(p.  400)  with  mercuric  oxide  and  ethylamine  in  alcoholic  solution  (B.  a,  601)  :  Tri- 
ethyl  Guanidine. 

Vice  vers  A,  the  alkyl  ic  guanidines,  when  heated  with  CS|,  have  their  imid-group 
replaced  by  sulphur,  with  formation  of  thio-ureas. 

Guanidine  also  forms  salts  with  the  fatty  adds.  When  these  are  heated  to  220- 
230^,  water  and  ammonia  break  off,  and  the  guanamines  result.  These  are  pecu- 
liar heterocyclic  bases  (Nencki,  B.  9,  228).  They  are  produced  by  the  onion  of  1 
molecule  of  acid  and  2  molecules  of  guanidine. 

Formoguanamine  is  also  produced  when  chloroform  and  caustic  potash  act  upon 

N  =  C. 
biguantde  (p.  419)  (B.  25,  535).     These  bases  contain  the  ring  CY  \N, 

assumed  to  be  present  in  the  cyanuric  compounds. 

N  =  C(NH,) 
Fortnopianamine,  HCC  ^-N,  melts  with  decomposition  at  high  tern- 

^N  —  C(NH,)^ 

N  =  C(NH,). 
pcraturcs.    Acetguanamme^  CH-C^  J>N,  melting  at  265°,  when  heated 

^N  =  C(NH,)^ 
with  concentrated  H.^SO^  to  150^  passes  into  aceiguanamide  ;  see  acetylurethane. 

Guaneides  of  the  Oxyacids. — The  guanidine  derivatives  corre- 
sponding to  the  ureidcs  of  glycollic  acid,  hydantoic  acid,  and  hydan- 
toTn  are  known.  Creatine  and  creatinine,  important  from  a  physio- 
logical standpoint,  belong  to  this  class. 

NH 
Glycocyamine,  guanidoacetic  acid,  NH  ==  C<    upu  co  u*  is  obtained  by 

the  direct  union  of  glycocoU  with  cyanamide : 

CN .  NH»  -h  CH.<^,^U  =  C=Nn' 

^^2"        \NH  —  cn, .  CO,H 

Cyanamide  GlycocoU  Glycocyamine. 

On  mixing  the  aqueous  solutions  it  separates  after  a  time  in  granular  crystals.  It 
dissolves  with  difficulty  in  cold  water  and  rather  readily  in  hot  water;  while  it  is 
insoluble  in  alcohol  and  ether.     It  forms  crystalline  compounds  with  acids  and  bases. 

/3-Guanidopropionic  Acid,  Alacreatine^  CN3H4.  CH, .  CH, .  COjH,  consists  of 

cr>'stals  which  decompose  at  205^.     Isomeric  a-guanidopropionic  acid  melts  at  180**. 

NHCO 
Glycocyamidine,  glycolyl  guanidine,  NH  =  C<  .     1   ,  ,  bears  the  same  relation 

NHCH, 

to  glycocyamine  as  hydantoin  to  hydantoic  acid : 


I 
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NH,  NHCO 

C0<  CO<       I        Kn  = 

^NHCHXO.H  ^NHCH, 

Hydaoloic  Acid  Hydanlolii 

II  u  produced  when  glycocynniine  bydrochloriile  is  heated 
Creatine,    methyl    glycocyamine,   raeihylguanidi 


i  firsi  dis 


1834  by  Chevreul  i 
a  thorough  i 


meal  extract  (xpiai;,  flesh).  Liebig  (1847)  gave  ii 
gation  in  his  classic  research  entitled  "  Ueber  die  Bestandtheile 
FlUssiglceiten  des  Fleisches  "  (A.  6a,  357).  It  is  found  esjiecially  in 
the  juice  of  muscles.  It  may  be  artificially  prepared  (J.  Volhard, 
1S69),  like  glycocyamine,  by  the  union  of  sarcosine  (methyl  glycocoll) 
with  cyanamide: 


NH.CH, 


NH:C< 


NH, 
N(CH,| 


Creatine  crystallizes  with  one  molecule  of  water  in  glistening  prisms. 
Heated  to  100",  they  sustain  a  loss  of  water.  It  reacts  neutral,  has  a 
faintly  bitter  taste,  and  dissolves  rather  readily  in  boiling  water;  i 
dissolves  with  difficulty  in  alcohol,  and  yields  crystalline  salts  will 
one  equivalent  of  acid, 

I  becnmes  crenlininc:  (ac 


N{CH»1  —  CH,  —  CO,H 


^  H,0  =  C0< 


NH, 


Ammonia  is  libeniied 
When  its  iu|ueous  soluli 
■cid  and  melhrl  gUAnidii 
„„    „  .NH.CO.CH, 


(4)  With 
N(CH,).CH,'  CO.O-COCM,' 


NH(CII,1 
'^  tu, .  CO,H. 

melhjil  hydanloln  i>  formed, 
uric  oxide,  creatine  becomes  oialic 
ihydride  it  yields  dtaciiyi  ertatiut. 
melting  at  165°  (A.  184,  51). 


3) 


NH— 


-CO 


I 


Creatinine,  methyl  glycocyamidine,  NH  =  C<  1     ,  occurs 

N(LH,)CH, 

constantly  in  urine  (atx>ut  0.35  per  cent.),  and  is  readily  obtained 
from  creatine  by  evaporating  its  aqueous  solution,  especially  when 
acids  are  present.  It  crystallizes  in  rhombic  prisms,  and  is  much 
more  soluble  than  creatine,  in  water  and  alcohol.  It  is  a  strong  base, 
which  can  expel  ammonia  from  ammonium  sails  and  yields  well 
crystallized  salts  with  acids.  Its  compound  with  zinc  chloride, 
(C,H,N,0), .  ZnCI,,  is  particularly  characteristic.  Zinc  chloride  pre- 
cipitates it  from  creatinine  solutions  as  a  crystalline  powder,  dissolving 

ith  difficulty  in  water. 

(l)  Gases  cause  creatinine  to  ibsorh  water  and  become  creatine  again.  (1)  Boiled 
with  baryta  water  it  decomposes  into  methyl  hydantoln  and  ammonia  : 


NH:C< 


NH- 


-CO 


Nll^ 


-CO 


1        +H,0  =  CO<'  i       +  NH,. 

■t:H,        '  ^N(Ch,)_i;:h,  ' 


J 
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(3)  When  boiled  with  mercuric  oxide  it  breaks  up  like  cremtine  into  methyl -guanidine 
and  oxalic  acid. 

When  creatinine  is  heated  with  alcoholic  ethyl  iodide,  the  ammonium  iodide  of 
ethyl  creatinine,  C4Hy(C.Hj)N,0.  I,  is  produced.  Silver  oxide  converts  this  into 
the  ammonium  base,  C4Hy(C,Hj)N,O.OH. 

GuaneXdes  of  Carbonic  Acid. — Guanoline,  guanyl  urea,  biguanide,  and  proba- 
bly dicyandiamide,  corresponding  to  allophanic  ester  (p.  403),  biuret  (p.  403),  and 
cyan  urea  (p.  403),  are  derivatives  of  the  guanelde  of  carbonic  acid.  This  is  not 
known,  and  probably  cannot  exist : 

^^<Nh'.  COjCjHj  ^^<NH  .  CO .  NH,  ^^<NHfcN 

Allophanic  Ester  Biuret  Cyanurea 

NH  :  C<j^j^«  COjCjHj  ^^  '  ^<Nh'.  CO .  NH, 

Guanoline  Guanylurea 

NH  :  C<xHb[NH]NH,  ^^^ '  ^^NH*.  CN. 

Biguanide  Dicyandianiide(?) 

NH 
Guanoline^  Guanidocarbonic  Ester,  NH :  ^"^^jufir)  r  u  +  ^H,0, melts,  when 

dehydrated,  at  114°.     It  is  obtained  from  the  reaction-product  arising  from  chlorcar- 

NH    CO  CLII 

bonic  ester  and  guanidine,  guanido-dicarhonic  diethyl  tster^  NH :  C<  j^**  '  rij  p  h*» 

through  the  action  of  ammonia  (B.  7,  1588). 

NH 
Dicyandiamidine,   NH  :  C<^,,*  ^q   j^j^  ,  Guanyl  Urea,  is  formed  (1)  by 

the  action  of  dilute  acids  upon  dicyandiamide  or  cyanamide,  or  (2)  by  fusing  a  guan- 
idine salt  with  urea  (H.  7,  446).  It  is  a  strongly  basic,  crystalline  substance.  It 
forms  a  copper  derivative  having  a  characteristic  red  coloh  When  digested  with 
l)aryta  water  it  decomposes  into  CO^,  2NH5,  and  urea  (B.  ao,  68). 

XH 
B\%\xsiTX\Aty  Guanyl  Guanidine^  ^^^^ '^"^XHCfNH^NH  '  '^  formed  (l)  on  heat- 
ing guanidine  hydrochloride  to  180-185°;  (2)  when  cyanguanidine  is  heated  with 
ammonium  chloride.  It  is  a  strongly  alkaline  base,  forming  a  copper  derivative  with 
characteristic  red  color.  Chloroform  and  caustic  alkali  convert  it  \TiXo  formoguanamin^ 
(p.  412). 

Dicyandiamide,  ParaJUy  Cyanguanidine ,  NH:C<x  „'  q^^  melting  at  205°, 

results  from  the  polymerization  of  cyanamide  upon  long  standing  or  by  evaporation  of 
its  aqueous  solution.  Ammonia  converts  it  into  biguanide,  and  dilute  acids  to  guanyl- 
urea.    Formerly,  the  formula  NH^ .  C^^'^C .  NH„  or  NH  :  C<J^'|J>C :  NH,  was 

ascril)ed  to  this  compound.  Its  behavior  with  piperidine,  with  which  it  combines  to 
form  a  biguanide  derivative,  indicates  the  cyanamidine  formula  (B.  24,  899 ;  25,  525). 
See  guanazole,  p.  415. 


NITRO-GUANIDINE  AND  ITS  TRANSPOSITION  PRODUCTS. 

Nitroguanidine  is  the  starting- out  material  for  the  preparation  of  a  series  of  remark- 
able guanidine  and  urea  derivatives  (Thiele,  A.  270,  I;  273,  133;  B.  a6,  2598, 
2645). 

Nitroguanidine,  Nil :  C<  1t,x^     *,  melting  at  240°,  results  on  treating  guanidine 

with  a  mixture  of  nitric  and  sulphuric  acids.     It  dissolves  with  difficulty  in  cold 


I 
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NITfiO-GUANrCrNE   AND   ITS   TRANSPOSITION   PRODUCTS. 

water,  more  readily  in  hoi  wtUr,  and  lerj  eopioualjr  in  alkolies,  because  of  iis  feeble 
aeid  cliaracLer. 

Nilroso-giiiiniiHiti,  NH  :  C<,[u..  '  (?},  Is  produced  by  reducing  nitroguanidine 
vith  zinc  do&i  and  salphuric  scid.  It  consists  of  yelloo  needles,  exploding  al  i6o- 
165", 

Amido-guanidint,  NH:C<|^.,  ',  reiiulls  when  niEra-  and  nitroso-guanidine 
are  reduced  with  unc  dust  and  acelic  acid,  Amido-guanidine  decomposes  readily 
when  in  n  pure  condition ,  and  when  boiled  with  acids  it  breaks  down,  wtlh  the  tem- 
porary production  of  semicarbazide  (p.  405) .  into  carbonic  acid,  ammonia,  and  hydra- 
tint,  which  c«n  therefore  be  conveniently  prepared  in  this  manner: 

Amido.guaaidlne  forms  well. cry  stall  iied  compounds  with  dextrose,  galactose,  and 
lactic  acid  (B.  18,  2613). 

,  NH— N 

Amidomilhyl Iriaiah,   NH.C;  ||  {?),  melting  at  148°,  is  produced 

when  acetylamido-guanidioe  nitrate  is  treated  with  soda. 
NH— NH 
Cuanaadi,  NH  :  C<[  ,  ,     L  '  melting  al  3C>(i°,  results  when  dicyandiamide 

(see  aborel  is  heated  with  hydraiine  hydrochloride  in  alcoholic  solution  10  100° 
IB.  ay.  K.  583). 

NH..  ^NH, 

AtodiiarbBnJiamidinr,  JC — N  ^^  N— Cf  ,  is  obtained  as  nitrate  when 

NH  ^  ^NH 

amiiioguanidine  nitcaie  ii  oiidiied  with  KMnO^.     The  aioaitrate  forms  a  yellow, 

tparingly  soluble,  crystalline  powder,  exploding  at  180-184°.     '<  parses  into  axodi- 

carbonamide  [p.  405]  when  boiled  with  water. 

NH,  NH, 

HydraiodifariiinamidiKt.  NT- NH— NH  -  C^"         .  results  as  nitrate  when 

NH  ^  "^NH 

azodicBrbonamidine  nitrate  is  reduced  with  H,S. 

DiatesHaitidinr  DtnitraU,  NH  :  C<!iJ|^  ^  N— NO,^  melting  at  129".  con- 
sists of  colorless  crystals,  readily  soluble  in  water  and  alcohol,  but  insoluble  in  ether. 
It  is  obtained  when  polassitun  nitrite  actt  on  the  nitric  acid  solution  of  amidoguani- 
dine  nitrate.  Caustic  soda  converts  it  into  cyanamiJe  and  hydronitrii  odd,  and  by 
acids  in  addition  in  part  into  emidelelratelie  neid,  meiting  at  203°.  This  acid,  with 
'ts  decomposition  products,  will  be  mentioned  after  1 


I.N  _No,H             ,NH— N=N— N0,_[J0.H              yN N  ^| 

CNNH.4-HN<H^ NH.C4,^                           ^«"<nH-A  ■ 

A»idot.t,.,..«Add.  ■ 

N— N    V.                      ,^N N  ^H 

Atettlratelt,    II             ;C — N  =  N — C?^             11,  results  when  amidotetraiotic  ^H 

N — NH-'                             ^NH — N  ^H 

acid  is  oxidized  by  potassium  permanganate.  ^^| 

hicyoHltlrabiBmidf  or  Tftrairom/armitliicme,  lSr,C  =  N  —  N  =  CBr„  melting  al  ^" 
4a°,  is   produced    when   bydra/ote'trazole.   the  reaction-product  of  azolelrazole,   is 
treated  with  bromine  (B.  115,264$),     With  alkaliei  isot^an  I  el  rabromidc  apparently 
yields  uoeyaHoxide,  CO  =  N  —  N  =  CO  1?1.  or  a  polymertde  of  it.     Sbonld  an  oxi- 

diiable  body  like  alcohol  be  present,  iaocyanogen,  C  ^  N  —  N  ^  C(  ?),  is  pro-      

^H^     duced.     This  substance  hiu  an  odor  very  much  like  that  of  isonitrile.  ^^H 
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NITRILES  AND  IBf  IDES  OP  CARBONIC  AND  THIOCARBONXC  ACI08. 

The  nitriles,  cyanic  acid,  thiocyamc  acid,  cyanogen  chloriiiey  and 
cyanamide,  stand  in  a  systematic  and  genetic  connection  withcarbamic 
acid,  ihiocarbamic  acid,  urea  chloride,  and  urea,  as  well  as  with  thio- 
urea : 

NHj.COOH        NHjCOSH         NHjCOQ         NH-CONH,        NH,CSNH, 
Carbamic  Acid         Thiocarbamic      Urea  Chloride  urea  Thio-area 

Acid 

N  =  C.OH  N  =  C.SH  N  =  Ca  N  =  C.NH, 

Cyanic  Acid  Tliiocyanic  Acid        Cyanogen  Chloride  Cyanamide. 

The  empiric  formulas  of  cyanic  acid,  CNOH,  thio-cyanic  acid, 
CNSH,  and  cyanamide,  CNsH,,  have  each  another  structural  formula: 

UN  :^  C  ^  O  HN  =  CS  NH  ==  C  =  NH 

Isocyanic  Acid,  Isothiocyaiiic  Acid  Carbodi-imide. 

Carbiinide  Thiucarbimide 

Indeed,  alkylic  derivatives  are  known  which  correspond  to  both 
formulas  of  each  of  these  bodies.  The  isothiocyanic  esters,  or  mus- 
tard oils,  may  be  especially  mentioned.  The  constitution  of  free 
cyanic  acid,  and  of  cyanamide,  has  not  yet  been  determined  with 
certainty.  The  normal  formula,  N  =  C .  SH,  is  universally  attributed 
to  thiocyanic  or  sulphocyanic  acid. 

The  remarkable  tendency  of  cyanic  acid  and  cyanamide  to  poly- 
merization is  pariicularly  noteworthy.  Experience  with  other  classes 
of  compounds  would  indicate  that  this  is  an  argument  for  unsymmet- 
rical  constitution — /.  ^.,  for  the  normal  cyanogen  formulas  of  the  poly- 
merizing compounds.  The  more  unsymmetrically  unsaturated  bodies 
are  constructed,  the  greater  is  their  tendency  to  polymerize  to  sym- 
metrical and  generally  ring-shaped  atomic  complexes. 

When  the  simple  derivatives  of  cyanic  acid  have  been  discussed,  then  the  corre- 
sponding irimolecular  polymerides  will  be  described. 

Numerous  compounds  containing  the  cyanogen  group  have  been 
described  and  discussed  in  the  preceding  pages  as  nitriles  of  carboxylic 
acids  (p.  2S3),  oxy-  and  ketonic  acids  (pp.  349,  370).  The  simplest 
body,  hydro^^en  cyanide  or  prussic  acid  (p.  228),  has  been  discussed  with 
formic  acid.  Cyanic  acid  sustains  a  relation  to  prussic  acid  similar 
to  that  of  carbonic  acid  to  formic  acid. 


OXYGEN  DERIVATIVES  OP  CYANOOEN.  THEIR  ISOMERIDES  AND 

POLYMERIDES. 

Cyanic  Acid,  N  =  C .  OH,  isomeric  with  fulminic  acid  or  car- 
byloxime  (p.  237),  is  obtained  by  heating  polymeric  cyanuric  acid. 
The  vapors  which  distil  over  are  condensed  in  a  strongly  cooled  re- 
ceiver. 


CVANIC   ACID. 
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The  acid  is  only  stable  below  0°,  and  is  a  mobile,  very  volatile 
liquid,  which  reacts  strongly  acid,  and  smells  very  much  like  glacial 
acetic  acid.  It  produces  blisters  upon  the  skin.  At  about  o",  the 
aqueous  solution  is  rapidly  converted  into  carbon  dioxide  and  anf- 

CONH  +  H,0  =  CO,  +  NH,. 

At  o",  the  aqueous  cyanic  acid  passes  rapidly  into  the  polymeric 
cyainelide—A.  white,  porcelain -like  mass,  which  is  insoluble  in  water, 
and  when  distilled  reverts  to  cyanic  acid.  Above  0°,  the  conversion 
of  liquid  cyanic  acid  into  cyamelide  occurs,  accompanied  by  explosive 
foaming.  Cyanic  acid  dissolves  in  alcohols,  yjeldmg  esters  of  allo- 
phanic  acid. 

Potassium  Cyanate,  Potassium  Isocyanate,  ordinary  cyanate 
0/ potasiium,  N  ■  C  .  OK,  or  0 ;  C :  NK,  is  formed  in  the  oxidation  of 
p<:>tassium  cyanide  in  the  air,  or  with  some  oxidant  like  lead  oxide, 
minium,  potassium  permanganate,  or  sodium  hypochlorite  (fi.  a6,  R. 
779).  It  is  most  conveniently  made  by  heating  small  portions  (3-5 
gm.)of  an  intimate  mixture  of  100  parts  potassium  ferrocyanide  and  75 
parts  of  potassium  bichromate  in  an  iron  dish,  when  NH,  should  not 
be  set  free  (B.  36,  2438).  It  results,  too,  on  conducting  dicyanogen 
or  cyanogen  chloride  into  caustic  potash  (B.  33,  aioi).  The  salt 
crystallizes  in  shining  leaflets,  resembling  potassium  chlorate,  or  in 
quadratic  plates  (B.  ay,  837),  and  dissolves  readily  in  cold  water,  but 
with  more  difficulty  in  hot  alcohol.  In  aqueous  solution  it  decomposes 
I  rapidly  into  ammonia  and  potassium  carbonate. 


aqueous  lolulioDS  of  Ihe  heavy  metals. 
hile,  the  cupric  sail  is  green  in  color, 
n  salt  with  e)hyl  sulphatF,  and  the  sitve 
etler^.  would  indicate  their  toimulns  In 


The 


a  isocjranalc  precipilales 
lead,  silver,  and  mercurous  salts  are 

llie  transposilions  of  the  potassiL 
with  elhy]  iodide,  furming  isocyonii 
0:C:NKflndO;C:N,  Ag. 

Ammonium  cyanali,  CN .  O  -  NH,  ot  CO :  N(NH,),  is  a  while  cirafalline  powder, 
formed  by  Contact  of  cjanic  add  Tapors  with  dry  ammonia.  Caualic  pola&b  decom- 
poses it  into  potassium  isocyanate  and  ammonia.  On  evaporating  the  aiiucous  tolu- 
lion  it  pis»i  into  isomeric  urea  (p.  396). 

Tlie  cyanales  of  the  primary  and  secondary  amines  are  simiUrly  canvetted  into 
alkylic  ureas,  wliereas  the  sails  of  the  (ertiary  amines  rcmaia  unchanged. 

Esters  of  Normal  Cyanic  Acid  {CyanfthoHnes)  are  not  known 

(A.   287,   310).     Imidocarbonic  acid  ethers  (p.  404)  are  produced 

vhcn  cyanogen  chloride  acts  upon  sodium  alcoholaies  in  alcoholic 

olulion. 

Eslersof  Itocyanic  Add.Alkyl  CttrbmidesQT  Alkyt  Cyanalts. — Wilrtz 

t  prepared  these,  in  1848,  (i)  by  distilling  potassium  ethyl  sulphate  with 

I  potassium  isocyanate ; 

SO,K(C,H,)  +  CO :  NK  =  CO ;  N   C,Hj  +  SO.K,. 

Esters  of  isocyanuric  acid  are  formed  at  the  same  time,  in  conse- 
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quence  of  polymerization.  (2)  Isocyanic  esters  are  produced,  too,  b 
oxidizing  the  carbylamines  with  mercuric  oxide : 

and  (3)  by  the  action  of  silver  isocyanate  upon  alkyl  iodides  at  lo^ 
temperatures : 

C,HJ  H-  CO:  NAg  =  CO:  N.CjHj  +  Agl. 

These  esters  are  volatile  liquids,  boiling  without  decomposition,  an< 
possessing  a  very  disagreeable,  penetrating  odor,  which  provokes  tean 
They  dissolve  without  decomposition  in  ether.  On  standing  they  pas 
rather  rapidly  into  the  polymeric  isocyanuric  esters. 

Methyl  Isocyanic  Ester,  CO :  N .  CH,,  methyl  isocyanate,  methyl  carbunidc 
boils  at  44^. 

Ethyl  Isocyanic  Ester,  CO :  N  .C,H(,  boils  at  6o<>.  . 
Allyl  Isocyanic  Ester,  CO :  N .  C,!!^,  boib  at  82°. 

Transpositions, — In  all  their  reactions  they  behave  like  carbimid< 
derivatives,  (i)  Heated  with  KOH  they  become  primary  amines  am 
potassium  carbonate  (p.  162).  This  is  the  method  WUrtz  used  whei 
he  first  discovered  them. 

(2)  Acids  in  aqueous  solution  behave  similarly  : 

CO :  N  .  CjIIj   f-  11,0  +  nCl  ^  CO,  -f  Q^\\  .  NH, .  HCL 

(3)  With  the  amines  and  ammonia  they  yield  alkylic  ureas  (see  these), 

(4)  Water  breaks  them  up  at  once  into  CO,  and  dialkylic  ureas.  Ir 
this  decomposition  amines  form  first,  CO,  being  set  free,  and  thes< 
combine  with  the  excess  of  isocyanic  ester  to  dialkylic  ureas  (se< 
these). 

(5)  Fatty  acids  convert  them  into  alkylic,  primary  acid  amidei 
(p.  264).  CO^  is  simultaneously  evolved.  (6)  Acid  anhydrides  converi 
them  into  alkylic  secondary  acid  amides  ([).  264). 

(7)  The  esters  of  isocyanic  acid  unite  with  alcohol,  yielding  esters  of  carbamit 
acid  (p.  394). 

(8)  As  derivatives  of  ammonia  the  isocyanic  esters  are  cap.able  of  combining  di 
rectly  with  the  haloid  acids.  The  products  are  urea  chlorides  (p.  395 )»  from  whid 
the  i:>ocyanic  esters  are  again  separated  by  distillation  with  lime  : 

vx  -"  Hci  ^      ';n.  hci. 

Acetyl  Isocyanate^  CONCOCII,,  boiling  at  about  So°»  results  from  the  action  of  acety 
chloride  upon  fulminating  mercury  (p.  23SJ.  That  it  very  probably  is  acetyl  isocy 
anate  would  seem  to  be  indicated  by  its  transpositions  with  alcohol  and  ammonia  t< 
acetyl  urethane  (p.  395),  and  mono-acetyl  urea  (p.  400)  (B.  23,  3510)- 
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CYANURIC  ACID  AND   ITS  ALKVLIC   DERIVATIVES. 

is  with  cyanic  acid,  so  here  with  tricyanic  acid,  Iwo 
e  possible ; 

HO— C  =  N— C— Oil  OC— NII-CO 

(I)  -        ^  =  C—li  BDd  (2)  Hfl— CO  -i'H 


Nocmal  Cyan 


Ordinary  cyanuric  acid  is  mosl  probably  constituted  according  to 
formula  (i),  because  when  sodium  alcohoiates  act  upon  cyanuric  bro- 
mide, CiN,Br„  and  alkyl  iodides  upon  ordinary  silver  cyanale,  esters 
of  norma!  cyanuric  acid  result  (below),  Isocyanuric  acid  (rormula  2) 
is  not  known  in  a  free*state.  Upon  saponifying  the  isocyanuric  esters 
(p.  420),  constituted  according  to  the  carbimide  formula  (z),  ordin- 
ary cyanuric  acid  invariably  results  {B.  ao,  1056). 

'  HO.CiN C.OH 

Cyanuric  Acid,  1  t        ,  was  observed  by  Scheele 

'  '  N:C(OH).N  ' 

in  the  dry  distillation  of  uric  acid.     It  is  produced  (1)  by  heating  iri- 

cyanogcn  chloride  C,N,C!,  or  tricyanogen  bromide  (B.  16,  2893)  with 

water  to  130-130°,  or  with  alkalies.     (2)  Dilute  acetic  acid  added  to 

I    a  solution  of  potassium  isocyanate  gradually  separates  primary  polas- 

I   sium  isocyanate,  C,NiO,H,K,  from  which  mineral  acids  release  cyanuric 

acid.       (3)   It   appears,    too    (a)   on  healing  urea   (^)  or  carbonyl 

i  diurea  (p.  404I ;  (0  on  conducting  chlorine  over  urea  heated  to  130- 

Ll4o''i   {J)  when    urea  is   heated  with   a  solution  of  phosgene  in 

Ktoluene  to  190-330°  (B.  29,  R.  866). 

(a)  jCO(NH,),  =  C,0,N,n,  +  3NH, 
(i)  NH,CONH.CaNHCONH,  =  C,0,N,H,  +  NH, 

M  3CI  +  jCO{Nn,),  ^  C,0,N,H,  +  aNHXi  -)-  IJCl  +  N 
(rf)  3C0a,  -t-  3CO(NH,J,  =  aC,0,N,H,  +  6Ha. 

Cyanuric  acid  crystallizes  from  aqueous  solution  with  2  molecules 
>f  water  (C,N,0,H,  -f  2H,0)  in  large  rhombic  prisms.  It  is  soluble 
n  40  parts  of  cold  water,  and  easily  soluble  in  hot  water  and  alcohol. 
ffhen  boiled  with  acids  it  decomposes  into  carbonic  acid  and  ammonia. 
'  When  distilled  it  breaks  up  into  cyanic  acid.  PCI,  converts  it  into 
tricyanogen  chloride. 

Cyanuric  acid  Is  tribasic,  A  characteristic  salt  is  the  trisodium  salt, 
C.N,0,Na,. 

i    Normal  Cyanuric   Esters   are  formed  (i)  by  the  action  of 
Cyanogen  chloride  upon  sodium  alciiholates. 
(i)  A  simpler  procedure  is  to  act  u])on  the  sodium  alcohoiates  with 
cyanuric  chloride  or  bromide  (B.  18,  3163  and  ig,  2063). 
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(3)  The  normal  c}'anuric  esters  are  also  formed  by  the  action  of  alkyl  iodides  iqxi 
silver  cyanurate,  C,N|(OAg)|,  at  lOO®. 

Methyl  Cyanuric  Ester  melts  at  135°  and  boils  at  263®. 

Ethyl  Cyanuric  Ester  melts  at  29^  and  boils  unaltered  at  275^. 

The  normal  c>'anuric  esters,  on  digesting  with  the  alkalies,  break  np  into  cyamvi 
acid  and  alcohol.  I'hey  combine  with  six  atoms  of  bromine.  PCI^  cooTeits  thei 
into  cyanuric  chloride.     Boiling  gradually  changes  them  to  isocyanuric  esters. 

Partial  saponification  of  the  normal  cyanuric  esters  by  NaOH  or  Ba(OH)2  give 
rise  to  normal  dialkyl  cyanuric  acids ;  these,  when  heated,  rearraoge  themselves  int 
dialkyl  isocyanuric  acids  (B.  19,  2067) : 

Dimethyl  Cyanuric  Acid,  C,N,(0 .  CH,). .  OH,  melts  at  i6o-i8o<>,  and  sod 
denly  passes  into  dimethyl  isocyanuric  acid  (melting  at  222°). 

Cyanuric  Triacetate,  C.N,(() .  C,II|0)„  melu  with  partial  decomposidoo  1 
170^,  and  is  prepared  from  silver  cyanurate  and  acetyl  chloride. 

Esters  of  Isocyanuric  Acid,  C,0,(N.  CH,),,  Tricarbimide  esters^  are  formei 
together  with  the  isocyanic  esters,  when  the  latter  are  prepared  by  the  distillation  oJ 
KCNO  with  potassium  ethyl  or  methyl  sulphate.  We  have  already  spoken  of  thei 
formation  as  a  result  of  the  molecular  transposition  of  the  cyanuric  esters.  Heno 
they  are  formed  together  with  these,  or  appear  in  their  stead  in  energetic  reactions- 
f  ^.^  in  the  distillation  of  potassium  cyanate  with  ethyl  sulphates,  or  when  silve 
cyanurate  is  acted  upon  by  alkyl  iodides  (see  above).  They  are  solid  crystallin 
Uxlies.  soluble  in  water,  alcohol,  and  ether,  and  may  be  distilled  withoat  decompo 
sition.  They  pass  into  primary  amines  and  potassium  carbonate  when  boiled  wit! 
alkalies,  similar  to  the  isocyanates : 

C,0,(N  .  CH,)j  +  6K0H  =  3C0,K,  +  3NH, .  CII,. 

Methyl  Isocyanuric  Ester,  Methyl  Tricarbimide,  C,0,(N  .  CH,),,  melts  at  175' 
and  boils  undecomposed  at  296°. 

Ethyl  Isocyanuric  Ester,  C,Oj(X  .CjHj^,,  melts  at  95°  and  boils  at  276**.  I 
voKitili/es  with  steam. 

Dialkyl  Isocyanuric  Esters,  or  Isocyanuric  Dialkyl  Esters,  see  dimethy 
cyanuric  acid. 


HALOGEN  COMPOUNDS  OP  CYANOGEN  AND  THEIR  POLYlfERIDBS. 

The  cyanogen  haloids  may  be  viewed  either  as  the  chloride,  bromid< 
and  iodide  of  cyanic  acid,  or  as  the  nitriles  of  chlor-,  brom-,  or  iodo 
carbonic  acids  which  cannot  exist : 

(CI .  COOI I)  CI .  CONH,  CIC  =  N 

Chlurcurboiiic  Acid  L'rtra  Chloride  Cyauogen  Chloride. 

They  result  by  the  action  of  the  halogens  upon  metallic  cyanide 
(mercuric  cyanide),  or  upon  acjueous  pnissic  acid.  The  chloride  anc 
bromide  can  condense  to  tricvanidcs,  in  which  we  assume  the  preseno 

—  C  -=  N  —  C  — 

of  the  tricyanogen  grouj^,  CjX,  =      x  _  c  _  x      »  the  radical  of  cy 

anuric  acid. 

Cyanogen  Chloride,  CNCl,  is  produced  by  acting;  with  chlorine  upon  aqueou 
hydrocyanic  acid  or  upon  a  cold  mercuric  cyanide  solution.  It  is  a  mobile  liquid 
solidifying  at  — 5°,  and  boiling  at  -*-l5°.  It  passes  into  cyanuric  chloiride  o 
preser\'ation.  With  ammonia,  it  yields  ammonium  chloride  and  cyanamide,  CN . 
NH,.     Alkalies  decompose  it  into  metallic  cyanides  and  isocyanates. 


I 


SULPHUR  COMPOUNDS  OF   C^'ANOGEN. 

Cyanogen  Bromidt,  CNBr 
Bildiog  ■  potauiuro  cyanide  & 
1823). 

CyaHfgin  loJidt,  CNI,  iubUmu  ul  45°.  wlthoul  melllng,  in  brillUnt  wbile  needles. 

These  compounds  are  sparingly  soluble  in  waler,  but  they  dissolve 
readily  in  alcohol  and  ether.  Their  vapors  have  a  penetrating  _odor, 
provoking  tears,  and  acting  as  powerful  poisons. 

Cyanuric  haloids  are  converted  into  cyanuric  acid  when  heated  with 


Tricyanog^Gn  Chloride,  Cyanuric  Cklaridi,  Selid  Cklorcyanngm^ 


N  —  CCI  =  N    ' 

it  produced  «heD  liquid  cyinogen  chloride  is  kepi  in  sealed  lubes.  In  the  polymeriis- 
tion  of  cyuiogeD  cliloride  4-1S9.OS  C.  ore  hlieralcd  [C.  I&97,  i,  2S4).  ll  is  formed 
diteclly  by  leading  chlorine  into  an  etbereal  solution  of  CNH,  or  inlo  anhydrous 
hydrocyanic  acid  exposed  10  direct  sunligbt  (B,  ig,  2056).  It  sppcara,  too,  in  Ibe 
distillaLioQ  of  cyanuric  acid,  (^0,N,H,,  with  phosphorus  penlachloride  (A.  116,  357). 
It  melts  at  146°  and  boili  at  \^.  It  is  not  very  soluble  in  cold  waler,  but  readily 
in  alcohol  and  ether.  Whea  boiled  with  water  or  alkalies,  it  brealis  up  into  hydro- 
chloric and  cyanuric  acids  (i).  ig,  R.  Sg<i]. 

Cyanuric  Bromide,  C,N,Br,,  is  produced  ( 1 1  from  bromcyani^eD  in  the  presence 
of  a  little  bromine.  (2)  On  beating  Ibe  anbydrous  bromide  or  its  ethereal  solution 
in  sealed  lubes  to  130-140°.  (3)  By  healing  dry  yellow  or  red  piussiale  of  polasb 
WLlh  bromine  at  250°  [B.  16,  2893)  or  (4)  on  conducting  HBr  into  the  ethereal 
solution  of  CNBr  (B.  iB.  3162).      It  melts  above  300°,  and  is  volatile  at  bieber  tero. 

^anuric  Iodide,  C,NjI,,  is  produced  by  the  action  of  hydriodic  acid  upwn  cyan- 
hloride.      It  is  a  dark  brown,  insoluble  powder.      At  200°  il  readily  breaks  up 
into  iodine  and  paracyanogen,  (CN)„  (It.  ig,  R,  599). 


SULPHUR  COHPOUHDa  OP  CYAMOOEN,  THEIR  tSOMERlDES  AND 
POLYHERIDB^. 

The  thiocyanic  acids  are  : 

N  =  C-Sn         and  S  =  C  =  NH 


Sulptocyank  Acid  Sulphl 

These  correspond  10  the  two  isomeric  cyanic  acids  (p.  416). 

The  known  thiocyanic  acid  and  lis  salts  (having  the  group  NC.S — ) 
are  constituted  according  to  the  Arst  formula.  Its  salts  arc  obtained 
Trom  the  cyanides  by  the  addition  of  sulphur,  just  as  the  isocyanates 
result  by  the  absorption  of  oxygen.  The  different  union  of  sulphtir 
and  oxygen  in  this  instance  is  noteworthy  : 

ICNK  +  0  =  CO^NK  CNK  +  S  =  CN.SK, 

Isoihiocarbimide.  CS :  NH,  and  its  salts  are  not  known.  Its  esters 
fthe  mtistard  oils)  do,  however,  exist  and  are  isomeric  with  those  of 
Bulphocyanic  acid. 
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Thiocyanic  Acid,  Sulphocyanic  Acid,  CN.  SH,  occurs  id  sou 
quantities  in  the  human  stomach  (B.  28,  1318),  and  is  obtained  1 
distilling  its  potassium  salt  with  dilute  sulphuric  acid,  or  decomposii 
the  mercury  salt  with  dry  H,S  or  HCl.  It  is  a  liquid  with  a  pen 
trating  odor.  When  removed  from  a  cooling  mixture,  it  polymerizes 
a  yellow  amorphous  body,  giving  out  much  heat  at  the  same  time  (1 
20,  R.  317).  It  is  soluble  in  water  and  alcohol.  Its  solutions  rea 
acid.  The  free  acid,  and  also  its  salts,  color  solutions  of  ferric  salts 
(lark  red.  This  is  an  exceedingly  delicate  reaction,  which,  whc 
CNSK  is  used,  is  based  on  the  formation  of  (CNS)gFe,  -|-  9CNSK  (I 
22,  2061 1.  It  is  this  reaction  which  has  given  the  name  rhodanid< 
(ironi  not^ov,  rose),  to  sulphocyanides.  The  free  acid  decompon 
readily,  especially  in  the  presence  of  strong  acids,  into  hydroge 
cyanide  and  pcrsulphocyanic  acid,  C|NsStH|. 

The  alkali  thiocya nates,  like  the  isocyanates,  are  obtained  by  fusin 
the  cyanid(  s  with  sulphur. 

Potassiiim  ThiocyanatCy  CN .  SK,  sulphocyanate  of  potash,  cr3rsta1 
lizes  from  alcohol  in  long,  colorless  prisms,  which  deliquesce  in  th 
air.  The  sodium  salt  is  very  deliquescent,  and  occurs  in  the  saliv 
and  urine  of  different  animals. 

Afftmouium  Thioivanate^  CN .  S .  NH^,  is  formed  on  heAtiDg  prussic  acid  wit 
yollow  ammoniuni  sulphide,  or  a  solution  of  ammonium  cyanide  with  sulphur.  It  i 
most  readily  obtained  by  heating  CS,  with  alcoholic  ammonia : 

CS,  -    4X113     .  CN  .  S  .  NII^  -f-  (NH  J,S. 

The  salt  cry.>>iallizes  in  prisms,  which  readily  dissolve  in  water  and  alcohol.  1 
melts  at  150^,  and  at  170-180°  molecular  trans{X)sition  into  thiourea  occurs  (simila 
to  ammonium  cyanale,  p.  397). 

The  saU>  of  ih«;  heavy  metals  arc  mostly  insoluble.  The  mercury  salt^  (CN  .  S)j 
llg,  is  a  ^r.iy,  amorphou.s  |>recipitatc,  which  bums  on  ignition  and  swells  up  strong! 
(riiaraoh's  srrprnts'.  The  sihtr  sti//,  CNSAg,  is  a  precipitate  similar  to  siWe 
rhloride.  The  Nolumetric  method  of  Volhard  is  based  on  its  production  (A.  190,  I] 
/.I'iti/ ^//////.'.^jc/ ///(//',  ((.'NS)J['b. 

Cj^anogen  Sulphide,  ((.  \  i^S,  is  formed  when  cyanogen  iodide  in  ethereal  sok 
lion  acts  on  silver  thiocyanate. 

C'yano^^en  sulphide  forms  rhombic  plates,  melting  at  65°  and  subliming  at  30*^ 
It  dissolves  in  water,  alcohol  and  ether. 

A  Uirion  :  rer..u!/>h,Kyanii  A<iitt  Xanthane  Hydride,  C,N2HjSj,  consists  of  yelloi 
pri<«ni«;,  sjiaringly  soluble  in  water.  It  is  a  decomiH)sition  product  of  hytlroge 
sulphocyanide  (J.  pr.  Ch.  [2]  38,  36S).  Alkalies  change  it  Ko  Ji/hiocyanii:  acta 
CoXjH^S.,  (A.  179,  2a|^. 

Pseudo-Cyanogen  Sulphide,  C,N,,HS3(?),  is  formed  in  the  oxidation  of  potas 
siuin  sulphocyanide  with  nitric  acid  or  chlorine.  It  is  a  yellow,  amorphous  powdei 
insoluble  in  water,  alcohol  aiid  ether.     It  dissolves  with  a  yellow  color  in  alkalies. 

A'tinarinf  is  similar  to  and  prol.)ably  identical  with  pseudo- cyanogen  sulphide.  It  i 
obtained  from  KCXS  by  electrolysis,  or  by  oxidation  with  KCIO,  and  HCl  (B.  15 
R.  279.  522,  and  18,  R.  676).  It  is  aj)plied  as  a  yellow  or  orange  dye  for  wool  an< 
does  not  retpiire  a  mordant. 

Esters  t>f  normal  sulphocyanic  acid  are  obtained  (l)  by  distilling  organic  salts  o 
sulphuric  acid  in  concentrated  aqueous  solution  with  potassium  sulphocyanide,  or  b 
heating  with  alkyl  icxiides  : 

CN  .  SK  -}    C^HjI  =-  CN  .  S  .  C^Hj  -f  KI. 


MUSTARD   OILS. 

Funbcr,  (j)  by  the  action  of  CNCI  upon  saili  of  the  nierca|HBni : 
qilj .  SK  4-  CNCI  =  C,H( .  S .  CN  +  KCl. 

They  are  liquids,  not  soluble 
hydrogen  (line  and  sulphuric  a 
caplans : 

CN.S.C.Hj  +.  H,  =  CNn  +  CjHj.SH. 

On  digesting  with  alcoholic  potaah  the  ruction  is : 

CN.S.C,Hj-|-  KOH  =  CN.sk:  -j-  C.Hi-OH. 

The  isomeric  mustard  oils  do  not  aflord  any  potassium  sulphocyanate.  Boiling  nitric 
acid  oxidizes  them  to  alky Isul phonic  acids  with  separation  of  the  cyanogen  group. 
This  would  piove  thai  the  alkyl  gioup  in  these  bodies  is  linked  directly  to  sulphur. 

Methyl  Thiocyanic  EbIct,  CN  .  S  .  CH,,  has  a  speciHc  gravity  1.088  at  0°. 
When  healed  to  iSo-iSs"]!  is  converted  into  the  isomeric  methyl  isolhiocyaniceiler. 
This  conversion  is  more  readily  eHecled  with  allyl  ^ulphocyanide  (see  allyl  muitord 
0.1.  p.  4251. 

Ethyl  Thiocyanic  Ester.  CN .  S .  C,ll,,  boils  at  ui". 

Isopropyl  Thiocyanic  Ester,  CN.  S.  C,H,,  boils  at  152-153''. 

Allyl  Thiocyanic  Ester,  CN.S.C,!)^,  boils  at  ibt"  and  rapidly  changes  lo 
isomeric  ally!  mustard  oil,  CS  ;  N  ,  C.tlj. 

Ketone  and  Fatty  Acid  Sulphocyanides.— Mention  may  be 

made  in  this  connection  of  sitlphocyanacetotie,  and  sulphocyan acetic 
acid. 

»  Sulphocyan- acetone,  CN.  S.  CH, .  CO.  CH„  is  formed  from 
barium  sulphocyanide  and  chloracelone  (p.  ai6).  It  is  an  oil  with 
scarcely  any  color.  lis  sp.  gr.  equals  1.180  (20").  It  is  somen-hai 
soluble  in  water,  and  very  readily  soluble  in  ether.  The  alkali  car- 
boDE 
364J 


0  methyl-oxythiazolf, 


,-V.OH(B.  as, 


nnates  rearrange  tt 
F3648). 

Thiocyanacetic  Acid,  CNS.CIl,.  C0,1I,  Sulphocyan  acetic  Acid,  is  formed 

hy  the  action  of  chlorscetic  acid  upon   KCNS.     It  is  a  thick  oil.     Its  dXyl'iilit, 
from  chloracelic  ester,  boils  at  about  230°  C. 

On  boiling  the  latter  with  concentrated  hydrochloric  acid,  it  takes  up  water,  loses 

cn,-s    . 

alcohol,  and  rhodanacclic  acid,    1  ktm  '  '*  '■•""^'1  (^-  MSi  *7)- 

These  heterocyclic  bodies,  derived  from  the  products  of  ihc  interaction  of  ammo- 
nium sulphocyanide  with  u  cblorketones  and  nchlor  fatly  acids,  belong  lo  the  class 
,  of  thiatolis. 

■      Mustard  Oils,  Esters  0/  IsotkiacyanU  Add,  Atkyl  ThiixsrbimiJes. 

F  The  esters  of  isolhiocyanic  acid,  CS:  NH,  not  knotvn  in  a  free  con- 
dition, are  termed  mustard  oils,  from  their  most  important  representa- 
tive.    They  may  also  be  considered  as  sulphocarbimide  derivatives. 

They  are  produced  (i)  by  the  rearrangement  i>f  the  isomeric  alkyl 
mlphscyaitidei  on  the  application  of  heat  {p,  422) : 


L 


CNS.C,Hj_ 
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CYANAlf  IDB  AND  THB  All IDB8  OP  CYANURIC  ACID. 

Cyanamide,  CN .  NH„  the  nitrile  of  carbamic  acid,  absorbs  watc 
and  passes  into  urea,  the  amide  of  carbamic  acid.  It  manifests  certai: 
reactions,  which  would  rather  point  to  its  being  NH  =  C  =  NH,  cai 
bodiimide.  A  definite  decision  as  to  which  of  the  two  formula  possi 
bilities  is  the  correct  one  cannot  be  given.  It  is  formed  (i)  by  ih 
action  of  chlor-  or  brom-cyanogen  upon  an  ethereal  or  aqueous  solu 
tion  of  ammonia  (Bineau,  1838;  CloSz  and  Cannizzaro,  1851): 

CNQ  +  2NH,  =  CN .  NH,  +  NII^Q ; 

and  also  (2)  by  the  desulphurizing  of  thiourea  by  means  of  mercuric 
chloride  or  lead  peroxide  (mercuric  oxide  is  preferable)  (B.  x8,  461) 

^^<nhJ  +  "k^  =  ^^«"«  +  "kS  +  H,0. 

(3)  By  mixing  urea  with  thionyl  chloride : 

CO(NH,),  -\-  SOCl,  =  CN,H,  -|-  SO,  +  iHQ. 

It  forms  colorless  crystals,  easily  soluble  in  water,  alcohol,  and  ether 
and  melting  at  40°.  If  heated  it  polymerizes  to  dicyandiamide  anc 
tricyan-triamide  (melamine).  It  forms  salts  with  strong  acids,  bu 
these  are  decomposed  by  water.  It  also  forms  salts  with  metals 
An  ammoniacal  silver  nitrate  solution  throws  down  a  yellow  precipi 
tate,  CNjAg,,  from  its  solutions. 

Transpositions. — (i)  By  the  action  of  sulphuric  acid  or  hydrochlorii 
acid,  it  absorbs  water  and  becomes  urea.  (2)  H,S  converts  it  int< 
thio-urea,  and  (3)  NHjintoguanidine  (p.  411),  while  substituted  guan 
idincs  are  produced  upon  introducing  the  hydrochlorides  of  primar 
amines. 

Alky  lie  Cyatttimiiigs  are  obtained  (l)  by  letting  cyanogen  chloride  act  upon  primar 
amines  in  ethereal  solution ;  (2)  by  beating  the  corresponding  thio-ureas  with  mei 
curie  oxide  and  water. 

Methyl  Cyanamide,  CNjH(CH,)  and  Ethyl  Cyanamide,  CN,H(C,Hj),  ar 
non-crystallizable,  thick  syrups  with  neutral  reaction.  They  are  readily  converts 
into  polymeric  isomelamine  derivatives. 

Allyl  Cyanamide,  CN2H(C3Hj),  called  Sinaming^  is  obtained  from  allylthiourei 
It  is  crystalline  and  polymerizes  readily  into  triallylmelamine  (see  below). 

Dialkylic  Cyattamides. — Diethyl  Cyanamide,  CN  .  N(C,H5),,  is  prepared  by  th 
interaction  of  silver  cyanamide  (which,  therefore,  has  the  formula  CN .  NAg,)  an< 
ethyl  iodide.  It  is  a  liquid,  boiling  at  186-190°.  Boiling  hydrochloric  acid  resolve 
it  into  CO,,  NHj,  and  diethylamine,  NH(C,H5')j. 

Another  dialkylic  carbodiimide  is  Di-n-propyl-carbodi-imide ^  C  (  =  N  .  Cyi^), 
boiling  at  177°,  and  obtained  from  sym.  dipropykhiourea  by  means  of  HgO  (B.  a€ 
R.  189). 


AMICES  OF  CYANURIC  ACID  AND  IM1DE3  OF  ISOCVAMURIC  ACID. 


A 


■    J 

HO.C  CO.H 


N         N  N         N 

3.C  C.OH     HO.C  C, 


NH,     H,N-C 
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A 

^N         NH 
3C         CO 


H  H 

Melamine,  C^N,(Nn,\  (t 
crialde  bf:  (IJ  The  rapid  hi 
m/liira  and  mtUm).  (»)  The 
heaiinK  to  ijo"  (logclber  wilh 


NH 

li 

HN  NH 
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A 

UN  NH 

M;C  C:N 


te  above),  Cyaniiramidp.  is  oblained  as  sulpl 
Hling  of  smmomuiD  sulphocysiiidc  (together  w 
polyaierizatioD  of  cyanamide  or  dicyandiamide 
nehim) ;  (3)  by  healing  meibyl  irithiocyanuric  cs 
~  id  (4)  b;  healing  cyanuiic  cliloride  to  ic 


with  concentrated  ammooia  (B.  18,  3765) : 

C^N.CI,  +  6NH,  =  C,N,(NH,),  +  jNH.a. 

Melamine  is  nearly  iosoluble  in  alcohol  and  ether.  It  crystalllzei  from  hot  u  alec 
in  shining  monoclinic  prisms.  It  lublimes  □□  heating  and  decomposif;  ialo  melaiD 
and  NH,.     ll  forms  crystalline  salts  with  1  equlvalenl  of  acid. 

On  boiling  with  alkalies  or  aciijs  melunine  splits  off  ammonia  and  passes  suc- 
cessively into  ammelinr,  CHgNgO  =  C,N,(NH,),.  OH  (awhile  powder  insoluble 
1  walcr,  but  soluble  in  aTkaUei  and  mjaetal   acids)  (B.  21.  R,   7S9);  ammiliJt. 
C^HjNA  =  C:,N,(NH,)(OH),.  ■  while  powder  tbal  fonns  salts  wilh  Imlh  acids  i     ' 
L  bftses,  and  finally  cyanuric  acid.  C,N,(OH),  (B.  ig,  R.  341).      I'ola'i^ium  cyan 
I  b  directly  Tonned  by  fusing  melamine  nith  KOH. 
1        Melanurenic  Acid,  C,H,N,0,.  from  melam  and  melem  (p,  4:S),  when  heated 
wilh  coQCenl rated  H,SO.,  is  probably  idenlical  with  ammclide  (B.  19,  R.  341),  01  *" 
't  Ihe  isomeric  isoeyanurimide  (B,  iS,  310b]. 

ALkyl  Detivatives  oF  the  Melamioes. 

While  melamine  is  only  known  in  nne  form  a 
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Tliese  are  distinguished  from  each  other  not  only  in  the  manner  of  their  prepara 
lion,  but  also  in  their  transpositious. 

(1 )  Normal  Alkylmelamines  are  obtained  from  the  trithiocyannric  esten,  C^N| 
(S .  CH,},,  and  from  cyanuric  chloride,  C,N,C1,,  upon  beating  with   primary  anc 

secondary  amines  (B.  i8,  R.  498):   C,N,a,  +  3NH(CH5),  =  C,N,  (  N^JJ') 

-f-  3HCI.  Heating  with  concentrated  hydrochloric  acid  causes  them  to  split  up  intc 
cyanuric  acid  and  tlie  constituent  alkylamines. 

Trimethylmelamine,  C,N|^NI1.  CH,),,  dissolves  readily  in  water,  alcohol  and 
ether.  It  melts  at  130°.  Triethylmelamine,  C|N|^NH .  C^H^)!,  cr>'stallizes  in 
needles  and  melts  at  74°  C. 

Hexamethylmelamine,  C,N,rN(CH3),]|,  consists  of  needles,  melting  at  171^  C. 
Hexaethylmelamine,  C,I1,[N(L,H5),]3,  is  a  liquid,  and  is  decomposed  by  hydro- 
chloric acid  into  cyanuric  acid  and  3  molecules  of  diethylamine. 

(2)  Alkylisomelamines  are  formed  by  the  polymerization  of  the  allcylcyan- 
amides,  CN  .  NIIR^,  upon  evaporating  their  solutions  (obtained  from  the  alkylthio- 
ureas  on  warming  with  mercuric  oxide  and  water).  They  are  crystalline  bodies. 
When  heated  with  hydrochloric  acid  they  yield  cyanuric  esters  and  ammoniom 
chloride  (B.  z8,  2784). 

Trimethylisomelamine,  C,N,H,(N  .  CH,),  +  3H,0,  melts  at  179^  when  anhy- 
drous. It  sublimes  at  about  100°.  Triethylisomelamine,  C,N,H,(N  .  C,H^)s  + 
4H,0,  consists  of  very  soluble  needles.  Consult  Hofmann,  B.  18,  3217,  for  the 
phenyl  derivatives  of  the  mixed  melamines  (also  amide  and  imide  bodies). 


COMPLEX  CYANAlflDBS. 

Melam.  C.H,N„  -^  [iSU,\C^X,-],yU  (?),  Melem,  C,H,N,o  =  [(Nn,)C,N,- 
(NH)].^  (?),  and  Mellon,  CjHjN,  _=  CaNjlNHJjCjN,  (?),  are  produced  on  igniting 
ammonium  .sulphocyanide.  The  first  two  are  formed  at  200**,  and  the  latter  at  a  red 
heat.     They  are  amorphous  white  substances  (B.  zg,  R.  340). 


10.  DIBASIC  ACIDS,  DICARBOXYLIC  ACIDS. 

A.  PARAFFIN  DICARBOXYLIC  ACIDS.  OXALIC  ACID  SERIES, 

Cn".n  A.  CJUCO,II),. 

The  acids  of  this  series  contain  two  carboxyl  groups,  and  are  there- 
fore dibasic.  They  differ  very  markedly  from  each  other  on  the  appli- 
cation of  heat,  depending  upon  the  position  of  the  carboxyl  groups. 
Oxalic  acidy  COjH  .  CO^H,  the  first  member  of  the  series,  breaks  down 
on  heating  mostly  into  CO2,  CO  and  water,  and  in  i)art  into  CO,  and 
formic  acid.  The  nature  of  the  latter  decomposition  is  characteristic 
of  all  those  homologucs  of  oxalic  acid,  in  which  the  two  carboxyls  are 
attached  to  the  same  carbon  atom — the  /5-dicarboxylic  acids,  e,  g,y 
malonic  acid,  CHj(COjH),.  The  latter  acid  and  all  mono- 'xti^  di- 
alky  lie  malonic  acids  decompose  on  heating  at  the  ordinary  pressure 
into  acetic  acid  (also  mono-  and  dialkylic  acetic  acids)  with  the  elim- 
ination of  CO,.     Malonic  acid  is  the  type  of  these  acids: 

^"^<co;h  =  ^"3.  CO,II  -f-  CO,. 

Malonic  Acid  Acetic  Acid. 


FORMATION. 


On  the  other  hand,  when  the  two  carboxyl  groups  are  attached  to 
adjacent  carbon  atoms,  as  in  ordinary  or  ethylene  succinic  acid, 
CO,H  -CH,.  CH,.CO,H,  and  in  the  alkylic  ethylene  succinic  acids, 
then  these  y  dicarboxylic  acids,  when  heated,  do  not  give  np  CO,,  but 
part  with  water  and  pass  into  anhydrides,  which  can  also  be  prepared 
in  other  ways,  whereas  the  anhydrides  of  the  malonic  acids  are  not 
known.     Ethylene  succinic  acid  is  the  type  of  these  acids  : 

CH, .  COOH  CH, .  CO 

CH,.COOH  CH,.CO^     ^      ' 

Elhylciie  Sitcciuic  Succinic  Anhjdnde. 
Acid 

Glutaric  acid,  or  normal  pyrotartaric  acid,  CO,H .  CH, .  CH, .  CH,  .- 
CO,H,  in  which  the  two  carboxyl  groups  are  attached  to  two  carbon 
atoms,  separated  by  a  third,  behaves  in  this  manner.  Like  succinic 
acid,  it  yields  a  corresponding  anhydride  when  it  is  healed.  All 
acids,  which  can  be  regarded  a.s  alkylic  glutaric  acids,  conduct  them- 
selves analogously : 

,.„    XH,.CO,H  _  -.„   ,CH,.CO.  f,   ,  „  „ 

'""•<CH, .  co;h  —  ^"•<ch;  .  CO>°  +  ">"■ 


When  the  carbon  atoms,  carrying  the  carboxyl  groups,  are  separated 
by  two  carbon  atoms  from  each  other, — ^.  ^.,  adipic  acid,  CO,H. - 
CH,.CH,.CH,.CH,.CO,H,— they  do  not  influence  one  another 
on  (he  application  of  heat. 

Therefore,  the  numerous  paraffin  dicarboxylic  acids  are  arranged  in 

'    different  groups,  and  after  oxalic  acid  the  malonic  acid  group,  the 

Guccinic  acid  group,  and  the  glutaric  acid  group  will  be  discussed. 

Then  will  follow  adipic  acid,  suberic  acid,  sebacic  acid  and  others 

not  belonging  to  any  one  of  the  three  acid  groups  mentioned  above. 

Formation. — The  most  important  general  methods  are — 

(i)  Oxidation  of  {a)  dipriraary  glycols,  (^)  primary  oxyaldehydes, 
(f)  dialdehydes,  {a)  primary  oxyacids,  and  {e)  aldehyde  acids  (p.  363) ; 


CH, .  OH_ 

(in, ,  OH 

Glycol 


COOH 


ciio_ 


CO,H_ 

ioH 


Glytoil 


Glyoul         Clyoiylic  Acid 


CO,H 

(!:o,H 

Oialle  Acid 


The  dibasic  acids  are  also  formed  when  the  fatty  acids  and  the  acids 
of  the  oleic  acid  series,  as  well  as  the  fats,  are  oxidized  by  nitric  acid. 
Certain  hydrocarbons,  C„H,„  have  also  been  converted  into  dibasic 

^^     acids  by  the  action  of  potassium  pentianganate. 

^L        (z)  By  (he  reduction  of  unsaturated  dicarboxylic  acids: 


CH.CO,H  CH,.CO,H 

J  +  iH  =  1 

CH.CO.II  CH,. 


, .  CO,H 
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(3)  When  oxydicarboxylic  acids  and  halogen  dicarboxylic  acids  arc 
reduced. 

Nucleus-synthetic  Methods  of  Formation, — These  are  very  numerous 
with  the  dicarboxylic  acids. 

(4)  When  silver  in  i)owder  form  (B.  a,  720)  acts  upon  mono-iodo  (01 
bromo-)  fatty  acids : 

CH,  .  CH, .  CO.H 
''  •  ClI. .  CH. .  CO.H  +  ,Ag  =  ^^'    ^^   ^;^  +  ,AgI. 

/3-Io<lopropionic  Acid  Adipic  Acid. 

Consult  trialkylic  glutaric  acids  for  the  abnormal  course  of  this 
reaction  when  a-bromisobutyric  acid  is  used. 

(5a)  Conversion  of  monohalogen  substituted  fatty  acids  into  cyan- 
derivatives,  and  boiling  the  latter  with  alkalies  or  acids  (pp.  240  and 
266)  : 

CH,.CN  CO,H       „„ 

«I:o.oh  +  ^"'°  =  ^"'<co;h  +  n"' 

Cyauacetic  Acid  Malonic  Acid. 

(5^)  Conversion  of  the  halogen  addition  products  of  the  alkylens, 
CnHto>  into  cyanides  and  the  saponification  of  the  latter: 


CHji.CN  CHj.COjH 

+  4ILO  ^   I  -I-  2NH,. 

:h,.cn  cii,.co,ti 


i 


Only  the  halogen  products  having  their  halogen  atoms  attached  to 
two  different  carbon  atoms  can  be  converted  into  dicyanides, 

(6)  In  the  synthesis  of  the  mono-  and  dialkylic  malonic  acids  it  is 
of  the  first  importance  to  replace  the  hydrogen  atoms  of  the  CH,  group 
of  the  malonic  acid  in  its  esters  by  alkyl  groui)s,  just  as  was  done  in 
the  case  of  acetoareiic  ester  (p.  373).  This  reaction  will  be  more 
fully  developed  in  the  malonic  acid  group  (p.  439). 

(7)  By  the  electrolysis  of  concentrated  solutions  of  alkyl  ether 
potassium  salts  of  the  dicarboxylic  acids  (see  electrolysis  of  the  mono- 
carboxylic  acids  (pp.  76,  ^^^  243) : 

CI  I, .  CO, .  C\IL  CH, .  CO, .  CjIIj 

2   I  +  2H,0  =   I  -f  2CO,  +  2KOH  +  2H. 

CO,K  CH,.C0,.C,Il5 

Potassium  Eihyl  Succinic  DicUiyl 

Maluiiate  Ester. 

(8)  A  very  general  method  for  the  synthesis  of  dibasic  acids  is 
founded  upon  the  transposition  of  acetoacctic  esters.  Acid  residues 
are  introduced  into  the  latter  and  the  products  decomposed  by  con- 
centrated alkali  solutions  (p.  375).  Thus,  from  acetomalonic  ester  we 
get  malonic  acid : 

CH,   CO .  CII<gg. ;  C.H5  yi.Ms  CH,<CO.H . 

Acetomalonic  Ester  Malonic  Acid. 


ISOMERISM.       NOUEKCLA-rURa. 

and  from  acelosuccinic  ester,  succinic  acid  : 

/CH, .  CO, .  C,H,  CH, ,  CO,H 


CHj.CO.CH;^ 


CO, .  C,H, 
tcEilec 


in,. 


CO,H 


{9)  Tricarboxylic  acids,  conlaining  two  tarboxjl  groups  attached  to 
the  same  C-atom,  split  oif  CO,  and  yield  the  dibasic  acid.  Ethane 
tricarboxylic  acid  yields  succinic  acid. 

Isomerism. — The  possible  structural  isnmerides  of  the  dicarboxylic 
acids  depend  upon  whether  the  two  COOH  groups  are  attached  to 
two  different  carbon  atoms  or  to  a  single  carbon  alum.  Isomerides  of 
thu  first  two  members  of  the  series — 


(0 


and  (J)  CH,<,., 


CO,H 


I 


For  the  third  member  two  structural  cases  exist : 
CO,H 


ith   the  formula  l'iII,<co'h- 


CH,.CO,H 
l3)     6lI,.C0,H  " 

Elhylcnc  Dtcarboiylic  Acid, 

There  are  four  possible   isom 
etc.;  all  are  known: 

CH,.CO,H  CH,.CO,H  CH(CO,lI),  CH, 

(4)   (Jh,  c!h.CO,II  c!h,  l!(CO,H), 

(!h,  .  co,H  c^h,  (Ih,  c'h, 

CLularitr  Acid,  Old.  PvrolatUric  Ethyl  milnuii:  Dimellisl  malonic 

D-Pyrotarlatio  Acid  Acid  Acid  Add. 

(5)  The  fifth  member  of  the  series,  the  acid  C,H,(CO,H;„  has  nine 
xissible  isomerides  ;  all  are  known  : 

(a)  Adipicacid— CO,H[CH,],CO,H. 

l_6)  a-  and  j9-Methyl  gluiaric  acid. 

(f)  Sym.  and  unsym.  dimethyl  succinic  acid,  ethyl  succinic  acid, 

(li)  Propyl-,  isopropyl-,  and  methyl-ethyl  malonic  acids. 

(6)  There   are    twenty-four    imaginable    isomerides   of    the  sixth 
L  member— the  acids  C5H,o(CO,H),  (A.  292,  134)- 

Nomenclature  (p.  57).— While  the  names  of  the  older  dicarboxylic 
\  acids — e.  g.,  oxalic,  malonic,  succinic,  etc. — recall  the  occurrence  or 
methods  of  making  these  acids,  the  names  of  those  acids  whith 
s  been  synthetically  prepared  from  malonic  esters  are  derived  from 
onic  acid,  c  jf.,  methyl  malonie  acid,  dimethyl  malonic  acid.  The 
[  names  of  the  alkyl-elhyUne  succinic  acids,  etc.,  have  been  derived  from 
[ethylene  succinic  acid, 

J      The  "Geneva  names"  are  deduced,  like  those  for  the  mono-car- 
I  boxylic  acids,  from  the  corres]K)nding  hydrocarbons;  oxalic  acid  ^ 
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[Ethan-diacid] ;  malonic  acid  =  [Propan-diacid] ;  ethylene  succinu 
acid  =  [Butan-diacid].  The  bivalent  residues  linked  to  the  two  hy 
droxvls  are  called  the  radicals  of  the  dicarboxylic  acids — t.  g.^ 
CO  .CO,  oxafyi  ;  CO .  CH, .  CO,  malonyl,  and  CO .  CH, .  CH, .  CO, 
succinyi.  The  melting  points  of  the  normal  dicarboxylic  acids  exhibil 
great  regularity.  The  members  containing  an  even  number  of  carboi 
atoms  melt  higher  than  those  with  an  odd  numlier  (Baeyer,  p.  62). 

Derivatives  of  the  Dicarboxylic  Acids. — It  has  been  indi- 
cated in  connection  with  the  monocarboxylic  acids  (p.  223)  what 
derivatives  of  an  acid  can  be  obtained  by  a  change  in  the  carboxyl 
group.  As  might  well  be  exi)ected,  the  derivatives  of  the  dicarboxylic 
acids  are  exceedingly  more  numerous,  because  not  only  the  one  group, 
but  both  carboxyls  can  take  part  in  the  reaction.  The  heterocycHc 
ileriva fives  of  the  ethylene  succinic  and  glutaric  acid  groups  are 
particularly  notcworthv.     They  are  the  anhydrides  (p.  429)  and  the 

CIIj.CO 
acid    imides,    e.    g,j    succinimidey    J.,    ccv^^^^*    *^^    ghitarimide^ 

CII,<J:!{>  •  p!^>NH.    They  have  been  previously  mentioned. 


CHj.CO 


OXALIC  ACID  AND  ITS  DERIVATIVES. 


(i)  Oxalic  Acid,  [Ethan-diacid], C,04H,  {AcidutnoxcMcum^^ocxiMi^ 
in  many  plants,  chiefly  as  potassium  salt  in  the  different  varieties  of 
Oxalis  and  J^itmex.  The  calcium  salt  is  often  found  crystallized  in 
plant  cells ;  it  constitutes  the  chief  ingredient  of  certain  calculi.  The 
acid  may  be  prepared  artificially  (i)  by  oxidizing  many  carbon  com- 
pounds, such  as  sugar,  starch  and  others,  with  nitric  acid. 

Frecpient  mention  has  l>een  made  of  its  formation  in  the  oxidation 
of  glycol,  glyoxal,  glycollic  acid  and  glyoxalic  acid  (pp.  295,  429). 

(2)  From  cellulose :  by  fusing  sawdust  with  caustic  potash  in  iron  pans 
at  200-220*^.  The  fusion  is  extracted  with  water,  precipitated  as  cal- 
cium oxalate,  and  this  then  decomposed  by  sulphuric  acid  (technical 
method). 

(3)  It  is  formed  synthetically  by  {a)  rapidly  heating  sodium  fonnat< 
above  440°  (H.  15,  4507) : 

Clio  . ONa  _CO  .  ONa 
CHO.ONa-io.ONa"^     •' 

by  C/^)  oxidizing  formic  acid  with  nitric  acid  (B.  17,  9). 

(4)  By  conducting  carbon  dioxide  over  metallic  sodium  heated  U 
350-360°  (A.  146,  140): 

2CO2  -f  Na,  =  CjO^Nn,. 

(5)  Upon  treating  their nitri/esy  cyancarbonic  ester  and  dicyanogen 
with  hydrochloric  acid  or  water : 

CN  CO,H  CN 


I 

I 


OXALIC   ACTO. 


History. — In  the  tery  beginning  of  ilie  seventeenth  century  wit  of  sorrel  wb» 
known,  and  was  considered  lo  be  a  variety  of  argol,  Wiegleb  [177S)  tecogniied 
(be  peculiuitf  of  tbe  acid  cootiuned  in  it.  Scbccle  bad  obtsined  ibe  Iree  oxalic  acid 
as  early  as  [776  upon  oxidiiing  sugar  with  nitric  acid,  and  showed  in  17S4  thai  it 
was  identical  with  the  acid  of  Ihe  lall  of  sonel.  Gay-Lusuc  (1S29)  discovered  that 
oxalic  acid  wu  formed  by  fusing  cellulose,  snwdust,  sugar,  etc.,  with  caustic  potash. 
This  process  was  introduced  into  practical  manufacture  in  1S56  by  Dale. 

Constitution. — Free  oxalic  acid  crystallizes  with  two  molecules  of 
water  of  crystallization.  The  crvstallized  acid  is  probably  ortho-oxalic 
add.  C(OH),.C(OH),  (p.  134)-  Ortho-esters  of  the  acid  C,(OR'). 
are  not  known,  but  esters  do  exist,  which  are  derived  from  the  non- 
isolated half-ortho-oxalic  acid,  CCOH)j .  CO,H. 

Properties  and  Transformations. — Oxalic  add  crystallizes  in  11 
clinic  prisms,  which  effloresce  at  20°  in  dry  air.  Large  quantities  of 
the  acid,  introduced  into  the  system,  are  poisonous.  It  is  soluble  in 
9  parts  of  water  of  medium  .temperature,  and  quiie  easily  in  alcohol. 
The  hydrated  acid  melts  at  101°  if  rapidly  healed,  and  the  anhydrous 
at  189"  (B.  21,  1901).  Anhydrousoxalicacidcrystallizes  from  concen- 
trated sulphuric  and  nitric  acid  (B.  27,  R.  80),  and  will  serve  as  a  con- 
densation agent  for  the  splitting  off  of  water  (B.  17,  1078).  When 
carefully  healed  to  150°  the  anhydrous  acid  sublimes  undecomposed. 
(1)  Rapidly  heated  it  decomposes  into  fonnic  acid  and  carbon  dioxide 
and  also  into  CO,,  CO  and  water; 

C,H,0,  =  CH.O,  -f  CO, ;  C,HjO,  =  CO,  f  CO  -)-  H,0. 


(3)  Oxalic  acid  decomposes  into  carbonate  and  hydrogen  by  fusion 
with  alkalies  or  soda-lime  : 


CO.K,  +  2KOH  =  jCO,K, 


H,. 


(4)  Heated  with  concentrated  sulphuric  acid  it  jieldscarbon  monox- 
ide, dioxide  and  water. 

Cs)  Nascent  hydrogen  (Zn  and  H,SO,)  converts  it  into  glycolHc  acid. 

(6)  Concentrated  nitric  acid  slowly  oxidizes  oxalic  acid  to  CO,  and 
water.  However,  permanganate  of  potash  in  acid  solution  rapidly 
oxidises  it.     This  reaction  is  used  in  volumetric  analysis. 

(7)  PCIichangesoxalicacid  toPOCl„CO„CO,and2HCl.  It  lias 
also  been  possible  to  replace  iCl  by  O  in  certain  organic  dichlorides 
upon  using  anhydrous  oxalic  acid  (|).  446).  SbClj,  however,  and  ox- 
alic acid  yield  the  compound  (COOS b CI,),  (A.  239,  185;  253,  iii). 

The  Qxalaits,  excepting  those  with  the  alkali  metals,  are  almost  insoluble  in  water, 
Tbe  neutral  potassium  salt.  C,OjK,  -|-  H,0,  is  very  soluble  in  water.     The  acid 
sail,  C,0,HK,  dissolves  with  more  difficnlty,  and  occurs  in  the  juices  of  plants  (of 
Oialis  and  Rumex).     Potassium  guadrox.'lalt ,  C,0,KH  .  C,0,H,  -1-  jH,0. 

Neutral  Ammonium  Oxalate,  C,0,(NH,|,  -f-  H.O,  consists  of  shining,  rhombic 
prisms,  which  occur  in  left  and  righi-kemihedral  crystals  IB.  18,  1394).  The 
ealcium  oxalate,  C,0,Ca  -\-  H,0,  is  insoluble  in  acetic   acid,  and  lerres  for  Ihe 
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detection  of  calcium  and  of  oxalic  acid,  both  of  which  are  determined    quantita- 
tively in  this  form.     The  silver  salt,  C,O^Ag,,  explodes  when  quickly  heated. 

Oxalic  Esters. — The  acid  and  neutral  esters  of  oxalic  acid  are  formed  simultane- 
ously when  anhydrous  oxalic  acid  is  heated  with  alcohols.  They  are  separated  by 
distillation  under  reduced  pressure  (Anschiitz,  A.  254,  i). 

CO.CjH. 
Free  Ethyl  Oxalic  Acid,  \  ,  boils  undecomposed  at  117^  under  15  mm. 

COjH 

pressure.    Its  sp.  gr.  at  20°  equals  1. 21 75.    A^orm.  Propyl  Oxalic  Acid^  CO, .  C^H. .  - 

(X),H,  boils  at  118°  (13  mm.).     Preserved  in  sealed  tubes,  the  alkylic  oxalic  acids 

(lecomiK>se  into  anhydrous  oxalic  acid,  and  the  neutral  esters.     Distilled  at  the 

ordinary  temperature,  they  break  down  mainly  into  oxalic  ester,  CO,,  CO  and  H,0, 

and  in  part  to  CO,  and  formic  esters. 

Oxalic  Methyl  Ester,  C,0,(0 .  CH,),,  melts  at  54°  and  distils  at  163^. 

Oxalic  Ethyl  Ester  boils  at  iS6^,  and  is  formed  upon  heating  oxomolonic  ester 

(B.  27,  1304).    Si*e  p.  385  for  its  conversion  into  carbonic  ester.    Oxalic  ester,  under 

the   influence  of  scKlinm  ethylate,  condenses  with  acetic  ester  to  oxalacetic  ester, 

COjCjHj .  CO  .  CHj .  CO, .  C.Ilj,  and  with  acetone  to  acetone  oxalic  ester  (compare 

chclidonit  at  id).     Zinc  and  alkyl  iodides  convert  the  oxalic  ester  into  dialkyl  oxalic 

COOCH, 
esters  (p.  33).     Ethylene  Oxalic  Ester,  \^       1       ,  melts  at  143®  and  boils  at  197® 

COOCHj 

(9  mm.)  (B.  27,  2941). 

Half-ortho-oxalic  Acid  Derivatives. — Dichloroxalic  Esters :  When  PCI5  acts 
u{x>n  the  neutral  oxalic  esters,  one  of  the  doubly-linked  oxygen  atoms  is  replaced  by 
2CI  atoms : 

CO.O.CIL  CCLO.C.IL 

,  -    '  f  PCU  =-   I     '         '    *  -f  POClj. 

CO.O.C,!!^  '  *      CO.O.CjHj  ' 

These  products  arc  called  dichloroxalic  esters  (B.  28,  61  Anm.).  \\Tien  frac- 
tionated under  j:;rcatly  reduced  pressure,  they  can  be  separated  from  unaltered  oxalic 
ester.  Distilled  at  the  ordinary  pressure,  these  esters  decompose  into  alkyl  chlorides 
and  alkvlic  oxalic  acid  chlorides  (see  below). 

Dimethyl  Dichloroxalic  Ester,  Cn.^(()CHj,) .  COjCII,,  boils  at  72°  (I2  mm.);  its 
sp.  gr.  is  i.3591  (20°).  Diethyl  Dichloroxalic  Ester  boils  at  85°  (lo  mm.).  Di-n- 
Pri'Pyl  Dichloroxalic  /f  r/<v- IkhIs  at  107°  (lomm.). 

IFalf-prtho-oxalic  Esters  are  produced  by  the  transposition  of  dichloroxalic  esters 
with  sodium  alcuholatcs  in  ether : 

CO.C^n^.  CCl.,.  O.  Callj   f  2C.,H/)\a  —  CO^CJl^ .  C(0  .  C.M^\  -\-  2NaCI. 

Tctrumethyl  Oxalic  Ester,  C(OCI  13)3  .  CO  .  OCHj,  boils  at  76°  (i 2  mm. ) ;  its  sp. 
gr.  is  1. 131 2.      'let methyl  Oxalic  Ester  boils  at  98°  (12  mm.)  (A.  254,  31). 

The  anhydride  of.  oxalic  acid  is  not  known.  In  attempting  to  prepare  it  CO,  and 
CO  are  produced.  However,  the  chlorides  of  the  alkylic  oxalic  acids,  and  probably 
oxalyl  cliloride,  are  known. 

Lhlcrides  0/  Alkylic  Oxalic  Acid  are  obtained  by  the  action  of  POCl,  upon  potas- 
sium alkylic  oxalates.  It  is  most  practically  prepared  by  boiling  dichloroxalic  esters 
luulcr  the  ordinary  ]iressure  until  the  evolution  of  the  alkyl  chlorides  ceases  (A.  254, 
26).  They  show  the  reactions  of  an  acid  chloride  (p.  257).  With  benzene  hydro- 
carbons and  Al^r'lf,  ilu-y  yield  phenyl  glyoxylic  esters  and  their  homologues  (B.  14, 
16S9;  29,  R.  511,  546^. 

.i/cthyl  Oxalic  Chloride,  COCl .  CO^  CH,,  boils  at  Il8-I20<>  ;  sp.  gr.  I.3316 
(20«>).     Ethyl  Oxalic  Chloride,  COCl .  CO,  .  C,llj,  lK)ils  at  135°  ;  sp.  gr.  I.2223. 

Ti- Propyl  Oxalic  Chloride  l»oils  at  153°.  Jsohutyl  Oxalic  Chloride  boils  at  164^. 
Amvl  Oxalic  Chloride  boils  at  1 84°.  These  are  liquids  with  a  {penetrating  odor. 
Oxalyl  Chloride,  C,0,a,(?),  boils  at  70°.  It  has  not  been  obtained  free  from  POO,. 
It  is  said  to  be  formed  when  two  molecnles  of  oxychloride  act  upon 

(C(^ .  OCjHj),  (B.  25.  R.  no). 


I 


Oxalic  acid  yields  two  amides :  oxamU  acid,  corresponding  to  ethyl 
I  oxalic  acid,  and  oxamide,  corresponding  to  oxalic  ester.  Oximide  can 
I  be  included  with  these: 

CONH,         CO      ...   . 
toNH  i0>'"'"> 

It  o>lffl)d> 


Oxamic  Acid,  C,0,<qj^',  melts  at  ilo*  with  decomposilii 
lalt  (Balaid,   1842)   is  produced  by  healing  acid  ammonium  oxalate;   by  boiling 
oxamide  with  ammonia,  and  by  boiling  oiiBniiFlhaDe  vith  ammoma  (B.  ig,  32291  aa, 
1569).     Il  ii  a  crystalline  powder,  that  dissolves  with  difficulty  in  cold  waitr. 

lis  filers  result  from  the  action  of  alcoholic  or  dry  aromooia  upon  the  esters  of 
oxalic  acid : 

Ethyl  Ojcamic  Ester  (Oxamieihane),  C,0,<q  ^  ^  ,  consists  of  shining,  fatty- 
feeling  leaHels.  It  melts  at  114-1150  (Bouliay  and  Uumas.  1S2S).  The  behavior 
of  oiamfthane  toward  PCI.  is  important  theoretically,  because  at  Rrst  il  yields 
Bianiiclhane  chloride.  Ethyl  Oxamine  Chloride  Ester,  a  derivative  of  half- ortho-oxalic 
■cid.  This  splits  off  a  molecule  of  HCl  and  becomes  the  ethyl  esler  of  oximide 
chloride,  and  by  the  loss  of  a  second  molecule  of  llCl  passes  into  cyancsrbonic  esler 
(Waltach,  A.  184.  l): 

CO.O.C,Ht    PCI.         CO.OC^H^  -HCl        CO . OCjH, -Hd  ^  COOC,H( 

to.  NH,  ^   (ici,NH,  ^  c}ci  = 


Oxamsihaiic  Ethyl  Oumliie  Ethyl  Oi 

Chlotidr  -•    ■ 


irlde  Esler. 

OxamiHt  Orlho-lrimelkyl  Ether,  CONH, .  C(0 .  CH,li,  melting  ai  115°.  is  formed 
on  heating  half- ortho-oxalic  methy!  ester  with  anhydrous  melliyl  alcoholic  aminonia, 

MelMyl  OxamU  Add.  CONH(CH,) .  CO,ll.  melts  at  146*. 

Ethyhiami<  And,  C,0,<^U  ■  '^>"'.  melts  >l  I20». 

Ethyl  Ditlh«-Dxamu  Esler,  C,0,<^''^'j!f'<  (Dieihyloxama-lhane),  boils al  254'. 
It  is  produced  by  the  action  of  dielhylamine  upon  oxalic  esters.  It  tegenerales 
dlethylamine  on  distilling  with  pglasb.  A  method  for  separating  the  amines  (p.  1G4) 
is  basi-d  on  this  behavior. 

O.tanilif  Add  (see  this). 
CO 

OxalimiJt,    1    >NH  (?).  is  obluned  from  oxamic  acid  by  Ibe  aid  uf  PCI5  or 

[   PCI,0  (B.  ig,  3239).     Tbe  toolecute  is  probably  twice  as  large. 

*  Oxamide,  C,0,(NH,),,  separates  as  a  white,  crystalline  powder, 
when  iieulral  oxalic  ester  is  shaken  with  aqueous  ammonia  (1817,  Bau- 
hof).  It  is  insoluble  in  water  and  alcohol.  It  is  also  formed  on 
heating  ammonium  oxalate  (1S30,  Dumasj  1334,  Liebig),  and  when 
water  and  a  trace  of  aldehyde  act  on  cyanogen,  C,N„  or  by  the 
direct  union  of  hydrocyanic  acid  and  hydrogen  peroxide  (aCNH  -|- 
H,0,  =  C,0,N,H,).     Oxamide  is  partially  sublimed  when  heated,  the 
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greater  part,  however,  being  decomposed.  When  heated  to  200®  with 
water,  it  is  converted  into  ammonium  oxalate.  PtOj  converts  it  into 
dicyanogen. 

The  substituted  oxamides  containing  alcohol  radicals  are  produced 
by  the  action  of  the  primary  amines  upon  the  oxalyl  esters — e,  g.  : 

^^    .NII.CH.  ^,^0  r-n/NH.C,H.  ,^  ^ 

^A<XH  .  CH3'  ™-  P'  ^'°  •  ^^«<NH  .  cJh  '  ™-  P'  '^i*"- 

Sym.  Dimetliyl  Oxamide  Sym.  Diethyl  Oxamide. 

Tetramethyl  Oxamide^  [^ON(CH,),]^  melting  at  So**,  is  obtained  from  dimethyl 
urea  chloride  by  the  action  of  ammonia  (B.  a8,  R.  234). 

See  also  Oxanilide^  later. 

PCI  J  converts  these  alky  lie  oxamides  into  amide  chlorides,  which  lose  3HCI  and 
pass  into  gfyoxaline  Jerivath'es  (Wallach,  A.  184,  33 ;  Japp,  B.  15,  2420) :  thus 
diethyl  oxamide  yields  cbloroxalmethylin,  and  diethyl  oximide  yields  Moroxai' 
ethylin  : 

CONHCHjarcU    CCL .  NH  .  CH, -aHCI  CCINCH.-hci  CH  — N(CH,)^ 

I  — >l  --    — >|  ^\\  _J^CH 

CO .  NH  .  CH3       CCl, .  NIICH,  CCINCH,  CO  —  ^r:^^^  '" 

Dimethvl  Dimethvl  Dimethyl  ChlorozalmetbyliQ. 

Oxamicfe  Oxamide  Oximide 

Tetrachloride  Dichloride 

CONH .  NH, 

Hydrazide  and  Hydroxyamide  of  Oxalic  Andy  Oxalkydrazidey    \  ^ 

v^vJ  •  iN  1 1  .  ^  H« 
turns  brown  and  decomposes  at  235°.     It  is  produced  by  the  action  of  the  hydrazine 
hvdrate  upon  oxalic  ester  (|.  pr  Ch.  [2]  51,  194). 

CONH. OH 
Hydroxyl  Oxamtdfy  i,      ^  ,  melting  at  159**,  is  obtained  from  oxamaethane 

and  hydroxylamine.  Acetoxyloxamide^  NH, .  CO  .  CO .  NHO .  CO .  CH„  melts  at 
17.)°-  ^Vhen  heated  with  acetic  anhydride  to  1 10^,  it  is  decomposed  into  cyanuric 
acid  (p.  419),  and  acetic  acid  (A.  288,  314). 


NITRILBS  OP  OXALIC  ACID. 

Two  nitriles  correspond  to  each  dicarboxylic  acid  :  a  nitrilic  acid, 
or  a  half-nitrile,  and  a  dinitrile.  The  nitrilic  acid  of  oxalic  acid  is 
cyancarboniCy  cyanformic,  or  oxalnitrilic  acid.  It  is  only  known  in  its 
esters.  Dicyanogen  is  the  dinitrile  of  oxalic  acid.  The  kinship  of 
these  nitriles  to  oxalic  acid  is  manifested  by  their  formation  from  the 
oxamic  esters  and  oxamide  through  the  elimination  of  water,  and 
their  conversion  into  oxalic  acid  by  the  absorption  of  water  and  the 
splitting-ofT  of  ammonia: 

COOCjI I5     -HO    ,^  COOCjHs  CONH,     -aHaO        CN 

(1:0NH,  *   (!'X  ioNH,  tN 

Oxamacthane         Cyancarbonic  Ethyl  Ester  Oxamide  Dicyanogen. 

Cyancarbonic  Esters^  Cyanformic  Esters,  Nitrilo-oxalic  Esters,  are  prodoced  in 
the  distillation  of  oxamic  esters  with  PjOj  or  PCI5  (p.  435),  as  well  as  from  cyan- 
iniido-ciirbonic  ether.  Cyancarbonic  Methyl  Ester^  CN  .  CO,.  CHj,  boils  at  looO, 
Cytiniarbonii  Ethyl  Ester  Iwils  at  115**.     These  are  liquids  with  a  penetr^ilig  odor. 
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pinsoluble  in  ivaler,  which  slowly  drcompo'cs  them  iato  CO,,  pnissic  acid, 
^^^JbHoIs.  Zinc  and  hjdrocLluric  acid  couverl  thcni  into  g!yiociili (p.  354). 
sniientnUed  hydrochloric  acid  hrealcs  Ihem  dawn  inio  oxalic  aiiif,  aniinoniuin 
chloride,  Dtid  alcoboU.  Bromine  or  gueous  llCl  al  loa°  transFonns  Lhe  elhyl  ester 
into  a  polymeric,  ciystalline  body,  melting  at  165°,  and  by  llie  action  of  cold  atkalics 
yicldiug  salts  of  /arac/aHtario/iu  acid — t.g.,  (CN  .CO,K)n, 

Cyamrthoformic  Ester,  Trielhoxyacelonitrile ,  Ortke  -  oxalnilrilic 
Ethyl  Ester,  CN.  C(OC,Hi)„  boils  at  160=  (A.  329,  178). 

Trinitroacetonitrile,  CNC(NO,)„  melts  at  41.5''  aiid  explodes  at 
aao"  (see  rulminuricacid,  p.  238). 

Dicyanogen,  Oxalonitrile,  [Kihan  Dinitrilc],  NC  .  CN,  is  present 
in  small  quaatity  in  the  gases  ul'  the  blast  furnace.  It  was  obtained 
in  1815  by  Gay-Lussac  by  the  ignition  of  mercury  cyanide.  The 
transposition  proceeds  more  readily  by  the  addition  of  mercuric 
chloride : 

Hg(CN,)  =  C:,N,  +  Hg.    Hg(CN),  +  HgCl,  =  C,N,  +  Hg.Q,. 


I 


Silver  and  gold  cyanides  deport  themselve*  similarly.  Dicyanogen  is  most  readily 
prepared  from  potaisium  cyanide.  To  lhii>  end  the  concentrated  aqueous  solutioa 
of  I  pan  KCN  is  gradually  added  to  l  parts  cupric  sulphate  in  4  putts  of  wnter.    Heal 

I  is  then  applied.  Al  first  a  yellow  precipilale  of  copper  tyanide,  CulCN),,  is  pro- 
duced, but  it  immedialeijr  breaks  up  into  cyanogen  gas  and  cuprous  cyanide,  CuCN 

'    (B.  IB,  R.  331): 

iSO.Cu  +  4CNK  =  Cu,(CN),  +  (CN),  +  aSO.K,. 

Its  preparation  from  amraonitim  oxalate  and  osamide,  through  the 
agency  of  heat,  is  of  theoretical  interest.  The  same  tnay  be  said  of 
its  formation  upon  pas.sing  the  induction  spark  between  carbon  points 
in  an  atmosphere  of  nitrogen  {1859,  Morren). 

Cyanogen  is  a  colorless,  peculiar-smelling,  poisonous  gas.  ll  may 
be  condensed  to  a  mobile  liquid  by  cold  of  — 25°,  or  by  a  pressure  of 
five  atmospheres  at  ordinary  temperatures.  In  this  condition  it  has  a 
sp.  gr.  o  866,  solidifies  al  — 34°  to  a  crystalline  mass,  and  boils  at 
— ii".  It  burns  with  a  bkiish-purple  mantled  flame.  Water  dissolves 
4  volumes  and  alcohol  23  volumes  of  the  gas. 

On  standing  the  jolulionsbccorne  dark  and  break  down  into  ammDnium  OJalale 
■nd  fonnalc,  hydrogen  cyanide  and  urea,  and  at  the  same  time  a  brown  body,  the 
to  called  aiu/wiV  aciit,  C,H,Njt),  separates.  With  aqucoui  potash  cyanogen  yields 
potntsiam  cyanide  and  isocyanale.  In  these  reactions  the  molecule  bieaks  doirn, 
and  if  ■  slight  quanlily  of  aldehyde  be  present  in  the  aqueous  solution,  only  oxamide 
Tcsnlta.  Oiatic  acid  is  produced  in  ihe  presence  of  mineral  acids,  C^N,  -(-  4ll,0  =^ 
C^O,H,  \  2NHj.     Concentrated  hydriodic  acid  converts  it  info  glycocoll  (p.  354). 

On  heating  mercuric  cyanide  there  remains  a  dark  subslanc«.  paracyanegtn,  a 
polymeric  modiitcation.  {C,N,)n.  Strang  icnilioD  convcits  It  again  into  cyanogen. 
It  yields  potassium  cyanate  with  caustic  potash. 

CN 

With  hydrogen  sulphide  cyanogen  fields  hydrejtavie  acid,  C,N, .  H,S  ^  j 

ind  hydrvrubianii  acid,  C,N,.  sH,S.     These  i»o  compounds  may  lie  considered 
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liydrorubianic  acid  dissolves  with  difficulty  in  chloroform,  from  which  hydroflarii 

'  acid  crystallizes  in  yellow,  transparent,  flat  needles,  melting  with  decomposition  a 

;  57-89°  (A.  254,  262).     Hydrorubianic  acid  consists  of  yellow-red  needles.     Primar] 

'  l)nses  replace  the  amido-groups  by  alkylic  amido-groups  (A.  a6a,  354)*      It  combinei 

with  the  aldehydes  with  the  elimination  of  water  (B.  24,  1027). 

i  Diamidooxal  ethers  result  from  the  action  of  ammonia  upon  dichloroxalic  esters. 

!  They  have  not  yet  been  obtained  in  a  pure  condition.     Aniline  and  dichloroxalethei 

in  cold  ethereal  solution  yield  Dianilido-oxal  ether ^  CO,C,HX(NHCgH.)-OC,Hj,  n 

1  thick  liquid  soluble  in  ether.     Ato°  hydrochloric  acid  precipitates  from  mis  ethereal 

solution  the  dichlorhydrate,  COjC^H^CCNIICjIls  .  HC1),0 .  C,Hj.     Mixed  diamido- 

ethers  can  be  obtained  by  allowing  anhydrous  ammonia  gas  to  act  upon  a  cooled, 

ethereal   solution   of   monophcnylimido-oxalic  acid   dimethyl   ether.     In   this  way 

Amidoanilido-oxalic  methyl  ester,  C(),CH,.  C(Nn,)(NHC,H5)0.  CH,,  is  obtained. 

It  melts  at  215°.  Itnido-oxalic  Ethers:  Monoimido-oxalic  Ether,  CO,C,Hj .  C(:  Nil)- 

0(\11),  boiling  at  73°  (18  mm.)«  results  from  the  action  of  a  calculated  amount  of  ^ 

n-hydrochloric  acid  upon  di  imido-oxalic  ether  (A.  a88,  289).     Phenyl-imido-oxai' 

methvl  Ether,  CO^CH, .  C(  ---  N  .  C^Hj)© .  CH,. 

Di-imidooxal- Ether,  CjH^O  .  (Nn)C  —  C(NH) .  OCjHj,  melts  at  25  <»  and  boils  al 

170°.     Its  hydrochloride  is  obtained  on  conducting  HCl  into  an  alcoholic  solution  of 

cyanogen  (B.  11,  1418)  (compare  pp.  232,  269). 

Oxalumidine,  NIJ,(NII)C  —  C(NII)NH„  results  from  the  acdon  of  alcoholic 

ammonia  upon  the  hydrochloride  of  oximido-ether  (B.  z6,  1655). 

HN:C.NH.NH, 
Carbohydrazidtne ,    Oxaldi-imide-dihydrazide,  1     ^,  ,    ^,  ,  »    white,     flat 

HN:  C.  NH.  NH, 

needles,  which  assume  a  reddish-brown  color  on  heating  and  do  not  melt  at  250®.  I( 
results  from  the  union  of  cyanogen  with  hydrazine.  Dibenzal carbohydrazidine  melta 
at  218°  (J.  pr.  Ch.  [2]  50,  253). 

Cyanivtido  carbonic  Ether,  Nitrilo-oxal-imido-ether,  CN .  C( :  NH)0 .  C,Hj,  boiling 
at  50°  (30  mm.),  is  obtained  from  chlorcyanogen  or  bromcyanogen,  water,  alcohol, 
and  potassium  cyanide,  as  well  as  from  aqueous  potassium  cyanide  and  ethyl  hypo- 
chlorite (p.  148),  when  the  following  intermediate  products  probably  arise: 

KN:C.O.C,Hj         KN:C.OC,H.H.oHN:C.OC,H. 

KN:C  +  C,IL0C1— >  I  — >  I  ->  I 

^     '    ^  CI  C1C:NK  CN 

This  reaction  certainly  favors  the  formula  K  .  N :  C  for  potassium  cyanide,  because 
it  can  not  be  clearly  understoo<l  with  the  formula  KCN  (A.  287,  273).  Cyan-imido- 
carbonic  ether  is  a  yellowish  oil,  with  a  sweet  and  at  the  same  time  penetrating  odor. 

Chl.*rcthylimidoformyl  Cyanide,  Nitril-oxalo-cthyl-imide  chloride,  CN.C(:NC,- 
115)01,  from  chlorcyanogen  and  ethyl  isocyanide  (A.  287,  302),  boils  at  126®. 

Oxaldihydroxamic  Acid.  [C :  (NOH)OII]2,  melting  at  165°,  results  from  oxalic 
ester  and  hydroxylamine  (B.  27,  799,  1 105). 

Oxaldiamidoxime,  [C(N .  OH  )NH2]2»  melts  with  decomposition  at  196®.  It  b 
formed  when  NIIjOII  acts  (i)  upon  cyanogen  (B.  22,  1931),  {2)  upon  cyananiline 
(B.  24,  801),  (3)  upon  hydrorubianic  acid  (B.  22,  2306).  lis  dibemoyl  derivatiztt 
melts  at  222®  (H.  27,  R.  736). 

Chloro-oximido  acetic  Ester,  Fthoxalo-oxime  Chloride,  COjCjHj .  C( :  NOH)Cl, 
melting  at  80°,  is  obtained  from  chloracetoacetic  ester  by  means  of  fuming  nitric 
acid,  and  when  concentrated  hydrochloric  acid  acts  upon  nitrol-acetic  ester  (B.  28, 
1217). 

Xitroiacetic  Ester,  Ethoxal  nitrolic  Acid,  COjCjH. .  C( :  NOH) .  NO,,  from  iso- 
nitroso-acetoacetic  ester  and  nitric  acid  of  sp.  gr.  1. 2  (13.  a8,  1217),  melts  at  69**. 

Formazyl  Carbonic  Acid,  CO^H  .  C^^  Zl  nfiVfI  » melts,  when  rapidly  heated, 

at  162®.  It  is  produced  when  its  ester  is  saponified.  The  ester  results  from  the 
action  of  diazo-benzcne  chloride  (i)  upon  the  hydrazone  of  mesoxalic  ester,  (2)  upon 
sodium  malonic  ester,  and  (3)  upon  acetoacetic  ester.     Oxalic  acid  breaks  down  into 


I 


forjnoiyl  livdriile 
They  will  beeon- 
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Malonic  Acid  [Piopan  a'aciW],  CH,(CC),H)„  melts  at  iji".  It 
■Oi'ciirsas  calcium  salt  in  siigar-bteis.  (i)  The  acjil  was  liiscovered  in 
J858,  by  Dessaignes,  on  oxidizing  malic  acid,  CO,H .  CH(OH) .  CH,- 
'CO,H,  with  putassium  bichromate  (lience  the  name,  from  malum, 
.apple)  and  <|uercitol  with  potassium  |)ermang3nate  (B.  29,  1764).  It 
is  also  (2)  produced  in  the  oxidation  of  hydracrylic  acid,  and  {3)  ol' 
propylene  anA  allyUne  by  means  of  KMnO,.  (4)  Kolbe  and  Hugo 
MUller  obtained  it  almost  simultaneously  (1864)  by  the  conversion  of 
chloracetic  acid  into  cyanacetic  acid,  the  nitrile  acid  of  malonic  acid, 
and  then  saponifying  the  latter  with  caustic  potash.  (5)  By  the  de- 
composition of  barbituric  acid  or  its  malonyl  urea  (see  this).  (6) 
Malonic  ester  and  CO  are  formed  in  the  distillation  of  oxalaceCic  ester 
(see  this)  under  the  ordinary  pressure  (B.  ay,  795)- 

Prffaralian, — One  hundred  groms  of  chloriiMlic  acid,  diasoWcd  in  100  grann  of 
Vsler,  are  Deutralized  wilh  sodium  carbuDale  (t  10  grams),  and  (0  tlijs  75  grams  of  pure, 
IjmWeriied  polmuum  cyanide  are  added,  and  tlie  wbole  carefully  healed,  after  lolu- 
tion,  upon  a  waier-balh.  The  cyanide  produced  is  saponified  eilher  liy  concenlraied 
hydrochloric  acid  or  polassinm  hydroxide  (B.  13,  135S ;  A,  904.  22;).  To  obtain 
the  matonic  esler  directly,  evaporate  the  cyuiide  solution,  cover  the  residue  n-ilh 
absolute  alcohol  and  lead  HCl  gas  into  it  (A.  aiB,  131), or  treat  it  with  sulphuric  acid 
and  alcohol  (C.  1897,  1,  iBa). 

I     Properties. — Malonic  acid    crystallizes  in  tticlioic  plates.     It  is 

leasily  soluble   in  water  and   alcohol.     Above   its  melting   point  It 

f  decomposes  into  acetic  acid  and  carbon  dioxide.     Bromine  in  aqueous 

solution  converts  it  into  tribro  in  acetic  acid  and  CO,,  while  iodic  acid 

changes  it  to  di-  and  tri-iodoacetic  acid  (p.  275)  and  CO,. 

Sails— Barium  salt,  CC,H,0,)Ba  +  3H,0.    The  ealdumsalt,  C,H,- 
O.Ca)  -}-  zH.O,  dissolves  with  difficulty  in  cold  water.     The  silver 
I  talii  CjH,Ag,0„  is  a  white,  crystalline  compound. 


ic  potash,  yields  t  thy  ten 


The  neutral  malonic  esters  are  made  by  treating  [jola-ssium  cyan- 
acetate  or  malonic  acid  with  alcohols  and  hydrochloric  acid. 
These  compounds  are  of  the  first  imporlance  in  the  synthesis  of  the 

tpolycarboxylic  acids,  Ix-cause  of  the  replaceability  of  the  hydrogen 
ftloms  of  [he  CH,-grunp  by  sodium. 
ws>a\ 


IMiitery.—'Vha  properly  was  first  ohsrrTeil  in  1874  by  Tan  t"Hoff.  Sr.  fB.  7, 1  jSj), 
md  the  |>ossil)ility  uf  olitaining  ihe  malonic  acid  liomologuei,  hy  means  of  il,  wns 
indiCBled.    The  comprehensive,  exhaustive  eiperimcnlt  begun  in  1S79  by  Conrad 
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first  demonstrated  that  malonic  esters  were  almost  as  valuable  as  the  acetoacetic  esters 
in  carrying  out  certain  synthetic  reactions  (pp.  371,  376)  (A.  204,  I2I). 

The  methyl  ester,  CH,(CO,  .  Cll,)„  boils  at  i8l°.  The  ethyl  ester  boils  at  198®  ; 
its  siKcitic  gravity  at  l8°  is  1.068.  by  the  action  of  sodium  ethylate  upon  it  the  Na- 
comixjunds,  CHNalCOj.CjHj),  and  CNa,(CO, .  C^H^),  (B.  17,  2783;  24,  2889 
Anm.),  result.  Malunic  e^ter  is  nol  soluble  in  aqueous  alkalies.  Iodine  converts 
both  sod-nialonic  esters  into  ethane  and  ethylene  tetracnrboxylic  esters.  Sodium 
malonic  ester,  when  electrolyzed,  yields  ethane  tetracarboxylic  ester  (B.  28,  R.  450). 
Alkyl  haloids  convert  the  sodium  malonic  esters  into  esters  of  malonic  acid  homo- 
logues  (B.  28,  2616).  The  malonic  esters  and  diazobenzene  chloride  yield  phenyl- 
hy<lrazone  mesoxalic  esters  (see  these).  Upon  heating  sodium  malonic  ester  to  145^ 
a  condensation  of  3  molecules  occurs,  with  a  splitting-off  of  3  molecules  of  alcohol, 
and  there  remains  the  ester  of  trisod-phloroglucin  tricarboxylic  acid  (a  derivative  of 
benzene)  (B.  18,  3458): 

3CIINa(C0,C,Hj),  =  CeO,Na,(CO, .  C,Hj),  +  3C,H,0H. 

The  malonic  esters  and  diazobenzene  chloride  yield  phenylhydrazone -mesoxalic 

esters  (see  these). 

CO 
Malonic  Anhydride^  CH,<qv>0,  is  not  known  (comp.  p.  428). 

Malonic  Acid  Chlorides  :  Chloride  of  Ethyl  Malonic  Ester,  CO, .  C,Hg .  CH,COQ, 
obtained  from  potassium  ethyl  malonate  by  the  action  of  PCI^,  boils  at  170-180®  (B. 

25.  1504). 

Malonyl  Chloride,  CH^fCOCl),.  produced  when  SCXTl,  acts  upon  malonic  add  (B. 
24,  R.  322),  boils  at  58®  (27  mm.). 

Malonamic  Ethyl  Ester,  COjCjIlj .  CH, .  CO  ,  NH,,  melting  at  50®,  is  formed  upon 
heating  the  hydrochloride  of  mono-imido-malonic  ester  (B.  28,  479).  Malonamide^ 
CHjlCONH.,^^,  melts  at  170®  (B.  17,  133).  Imidovialonamide,  NH,  .CO.  CH,.- 
c:(:>;H)NHV  MalonhYdrazide,Q\\\y.O  ."^W  ."^Vi^^^mexs  at  152®  (J.  pr.  Ch. 
[-^3  51.  187). 

Nitnles  of  Malomc  Actd :  Cyanacetic  Acid^  Nitrilomalonic  Acid,  half  nitrile  of 
malonic  acid,  CN  .  CH,.  CO^H  (p.  439),  melts  at  70®  (B.  27,  R.  262).  It  dissolves 
very  readily  in  water,  and  at  about  165^  breaks  down  into  CO,  and  acetonitrile  (p.  268). 
Cyanacetic  Ethyl  Ester,  CN  .  Cll, .  CO, .  CjIIj.  boiling  at  207°,  forms  sodium  deriva- 
tives like  malonic  ester,  by  means  of  which  the  hydrogen  of  the  CH,-groups  can  be 
replaced  by  alkyls  (B.  20,  R.  477)  and  acid  radicals  (B.  2X,  R.  353).  Cyanacetam- 
ide,  CN  .C'Hj .  CONHg,  frouj  the  ester  and  ammonia,  melts  at  1 18°.  Cyanacet hydra- 
zide,  CNCHXO .  NIINIL.  melts  at  114°  (].  pr.  Ch.  [2]  51,  186). 

C\ 

Malononitrile,  CIl2<px'»  methylene  cyanide,  is  obtained  by  distilling  cyanacet- 
am ide  with  R,05  (C.  1897,  I,  32).  It  is  soluble  in  water.  Silver  nitrate  precipi- 
tates C-\^'./CN),^  from  the  aqueous  solution  (B.  19,  R.  485).  Hydrazine  and  malono- 
nitrile yield  dlamidopvrazole,  C3N2H,(NH,),  (B.  27,  690).  See  also  cyanofonn. 
Mcthenylamidoxime  acetic  Acid,  NHj(H()N):  C.CH,.C(),H,  melts  at  I44®  (B. 
27,  R.  261).  Nitnlomalofiimidoximc,  Cyanethenylamidoxime,  CN.  CH,  .  C  (  :  N  .- 
()ir)XII,,  melts  at  124-127°.  Malondihydrox'amic  Acid,  CH,[C(  :  NOH)OH]„ 
nu-lts  at  154°  (H.  27,  S03).  Malondiamidoxime,  CH,  .  [C( :  N  .  OH)NH,],,  melts 
at  ir)v-l67°  (B.  29,  1168). 

The  ureldes  of  malonic  acid  will  be  treated  later  in  connection  with  uric  acid 
(see  this). 

Halogen  Malonic  Acids  are  protluced  when  chlorine  and  bromine  act  upon  malonic 
acid  and  malonic  esters  (B.  21,  1356). 

Chlormalonic  Ester,  CHClfcO,.  CjH^^,,  boils  at  222®.  Brom  malonic  Ester 
boils  with  decomposition  at  235°  (B.  24,  2993,  2997;  compare  also /tfr^r<wiVa«</). 
Brom-rnalononitrile  melts  at  65°  (C.  1S97.  I,  32).  Dichlormalonic  Esfer^  CC1,(C0,- 
CjIIjK^,  boils  at  231  234°.  Didrornmalopiic  Acid mells  ai  126°.  Dibrom-malanO' 
nitrile  melts  at  109°  (C.  1 897, 1,32).     Dibromvialonic  Ester  boils  at  145®  to  155® 
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c  (p.   485)  uid  mtsdxalit  arid) 
(P-  497). 

Alkytic  Malonic  Acids. — The  general  methods  suitable  for  the 

preparation  of  alkylic  malonic  acidsare  (i)  reaction  517  (p.  430)1  con- 
version of  o-halogen  fatty  acids  into  a-cjan-fatty  acids— the  half  niiriles 
of  the  malonic  acid  hotnologucs;  and  (2)  reaction  6  (p.  430),  the  re- 
placement of  the  hydrogen  atoms  of  the  CH,  gronp  in  the  malonic 
esters  by  alkyis.  First,  with  the  aid  of  sodium  ethylate,  mono-sod- 
malonic  esters  are  made,  which  alkyl  iodides  convert  into  mono-alkylic 
malonic  esters.  These  are  further  able  to  yield  monosodium  alkylic 
malonic  esters,  which  alkylogens  change  to  dialkylic  malonic  esters — 

CO.CjHj  CO,C,H,  CO,C,H,  CO,C,H, 

X;HN«     X^H .  CH,— x'iNa ,  CH, ><!(CH,), 

(io,.C,H,  CO,C,H,  CO,C,If.  (^0,C,Hs  C:0,C,H. 

Malonic  Ethyl         Sodium  Malonic     M(tli)/ Malonic      Sodliim  Meilirl  DIniellivl 


n  lJlell%[ 


E«l«. 


It  bss  been  preTiousiy  mentioned  under  Bcetoacelic  esler  (p.  373)  that  thr  reaction 
consisted  in  ilie  addition  of  sodium  ethyUle  lo  the  caiboielhyl  e™"P'  '"''''  ''"  'p'''- 
ling'OJf  o(  alcohol  and  the  production  oi  a.  double  union,  lo  which  (he  alkylogeo  at- 
tached itself,  and  there  then  folloned  the  elimination  of  a  sodium  halide  (A,  aSo, 
264)! 

■     CO,C,H,  cAx^h!  C^J^^'.i^H    C^Na  '  CO-C.H, 

CH,  CH,  CII  CHCH,  tnCH, 

CO,C,H,  CO,C,H(  CO,C,Hj  CO,C,H(  CO.C.H, 

Some  of  these  dialkylic  malonic  icid)  are  formed  when  comptet  carbon  derivalivM 
uc  oxidised — e.  g.,  dimethyl  maloriic  acid  results  from  the  oiidalion  of  unsymmel- 

trical  dimetbyl  etbylene  succinic  acid,  mesitonic  acid,  cam|ihor,  etc.    The  production  of 
dimethyl  malonic  acid  m  tbia  manoer  prom»  the  presence,  in  these  bodies,  of  the 
atomic  groDpiD|r — 
CH.^^-^^CS 

AH  mono-  and  dialkylic  malonic  acids,  when  fxfosed  to  heal,  split  off" 
CO,  and  pass  into  mona-^B.zj,  1177)  and  iiialfylic  acetic  acids  (p. 
428). 


I 


I 


IsO'SUCcinic  Acid,  Eihidene  Succinic  Acid,  Methyl  Malonic 
Acid  [Methyl  propaii  di-acid].  melts  at  130°  with  decomposition.  It 
is  isomeric  with  ordinary  succinic  acid  or  ethylene  succinic  acid  (p. 
431),  and  is  obtained  (i)  from  a-chlor-  and  a-brom-propionic  acids 
through  the  cyanide  (B.  13,  209),  and  (i)  from  sodium  malonic  ester 
and  methyl  iodide. 
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When  ethidene  bromide,  CH, .  CHBr,,  is  heated  with  potassium 
cyanide  and  alkalies,  we  do  not  obtain  ethidene  succinic  acid  by  the 
operation,  but  by  molecular  rearrangement,  ordinary  ethylene  succinic 
acid. 

The  acid  is  more  soluble  than  ordinary  succinic  acid  in  water.  If  heated  abore 
130°,  it  breaks  up  into  carbon  dioxide  and  propionic  acid  (p.  246).  The  ethyl  esier 
boils  at  196° ;  the  methyl  ester  at  179°. 

a-Cyanpropimic  Ester,  CH, .  CH(CN)CO,C,H5,  boils  at  197-198''. 

Bromisosuccinic  Acid,  CH,.  CBr(CO,H)„  melts  at  118-119°  (B.  23,  R.  II4). 

Methyl  Brommalonic  Ester  \xfA%  at  115-118®  (15  mm.)  (B.  a6,  2356). 

Ethyl  Malonic  Acid,  CjHj.  CHrCOjH),.  melts  at  111.5°.  The  ethyl  ester  boils 
at  200°.     Ethylbromtnalonic  Ester  boils  at  125°  ( lo  mm.)  (B.  a6,  2357). 

Dimethyl  Malonic  Acid,  (CH,),C(CO,lI)„  melts  at  117°  ;  the  ethyl  ester  boils  at 
195°.  The  nitrile  melts  at  32°  and  boils  at  64°  (22  mm.).  Compare  the  3d  method 
of  formation  as  given  above.  Both  acids  are  isomeric  with  pyrotaitaric  acid  and 
n  glutaric  acid  (see  p.  431). 

In  the  case  of  the  subjoined  alkylic  malonic  acids,  the  boiling  points  of  the  ethyl 
esters  (inclosed  in  parentheses)  are  given,  together  with  the  melting  points  of  the 
acids. 

Propylmalonic  Acid,  CH,.  CH,.CH,CH(CO,H)„  melts  at  96°  (21^222®). 

Isopropylmalonic  Acid,  (CH,),  .  CH  .  CH(CO,H)„  melts  at  87°  (213-214°). 

Methyl-ethyl  Malonic  Acid,  CH,(C,H5)C(CO.H)„  melts  at  1 18°  (207-208°). 
These  three  acids  are  isomeric  with  adipic  acid,  methyl  glutaric  acid,  ethyl  and 
dimethyl  succinic  acids  (see  p.  431). 

Norm.  Butvlmalonic  Acid,  CH3(CH,)3.  CH(CO,H)„  melts  at  101.5°.  IsobutvU 
Malonic  .-/ciV/melts  at  107°  (225°).  Sec.  Butyl  Malonic  Acid,  CH3(CH5)CH  .  CH- 
(C()5H)2,  melts  at  76°  (233-234°).  Propylmethyl  Malonic  Acid,  CHjlCH,.  CH,. 
CHj)CiC().^H)j,  melts  at  106-107°  (220-223°).  '  Isopropylmethyl  Malonic  Acid  muXis 
at  124°  (221°).  Dict/iylmalonic  Acid mchs  &i  121°  (A.  292,  134).  Diethylmalonic 
KitriU  melts  at  44°  and  l)oils  at  92°  (24  mm.). 

Pentvlmalonic  Acid,  CH,(CH,)^CH(C()2H),,  melts  at  82°.  Dipropylmalonic 
Acid,{(:U^  .  CHj .  CH,)./;(CO,H)j„  melts  at  158°.  Cetylmalonic  Acid,  CH,(CH,),5- 
CH(C02H)2,  melts  at  121.5-122°  (A.  204,  130;  206,  357  ;  B.  24,  2781). 


THE  ETHYLENE  SUCCINIC  ACID  GROUP. 

Ethylene  succinic  acid  and  its  alkylic  derivatives,  as  mentioned  in 
the  introduction,  are  characterized  by  the  fact  that  when  heated  they 
break  down  into  anhydrides  and  water.  The  anhydride  fonnation 
takes  place  more  readily  in  the  alkylic  succinic  acids,  the  more  hydro- 
gen atoms  of  the  ethyleno  residue  of  the  succinic  acid  are  replaced  by 
alkyl  radicals. 

The  alkylic  succinic  acids  form  anhydrides  more  readily  with  acetyl 
chloride,  and  are  more  volatile  in  aqueous  vapor  than  their  isomeric 
alkyl-n-glutaric  acids  (A.  285,  212).  The  sym.  dialkylic  succinic 
acids  show  remarkable  isomeric  phenomena,  which  will  be  more  fully 
explained  under  the  symmetrical  dimethylsuccinic  acids  (p.  444). 

The  following  are  characteristics  of  a  succinic  acid  :  (i)  the  an- 
hydride ;  (2)  the  anilic  acid,  which  appears  in  the  chloroform,  ethereal, 
or  benzene  solution  of  the  anhydride  ;  (3)  the  anil  produced  by  heat- 
ing the  anilic  acid,  or  by  the  action  of  phosphorus  pentachloride  or 
acetyl  chloride  upon  it  (A.  261,  145  ;  285,  226). 
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Ordinary  Succinic  Acid,  or  ethylene  dicarboxylic  add,  CO,H  .- 
CH,.CH,  .COjH,  melting  at  185",  is  isomeric  with  methylmalonic 
acid,  or  isosuccinicacid  (p.  441).  It  occurs  in  amber,  in  some  varieties 
of  lignite,  in  resins,  in  turpentine  oils,  and  in  animal  fluids.  It  Is 
formed  in  the  oxidation  of  fats  with  nitric  acid,  in  the  fermentation  of 
calcium  raalate  or  ammonium  tartrate  (A.  14,  314),  and  in  the  alcoholic 
fermentation  of  sugar. 

In  the  general  methods  of  formation  given  on  p.  430,  ethylene 
succinic  acid  has  been  in  part  the  chosen  example.  It  is  produced  (i) 
by  the  oxidation  of  ^--butyrol acton c. 

(2)  By  the  reduction  of  fumaric  and  maleic  acids  with  nascent 
hydrogen, 

(3)  ^y  reducing  (a)  malic  acid  (oxysuccinic  acid)  and  tartaric  acid 
(dioxysuccinic  acid)  with  hydriodic  acid,  or  by  the  fermentation  of 
these  bodies;  (i)  by  the  action  of  sodium  amalgam  upon  halogen 
succinic  acids. 

It  is  a  nucleus-synthetic  product  obtained  {4)  by  the  action  of  finely 
divided  silver  upon  brom-aceiic  acid.     The  yield  is  small. 

(sa)  By  convening  /J-iod propionic  acid  (p.  375)  into  cyanide  and 
decomposing  the  latter  with  alkalies  or  acids.  (5^)  M.  Simpson,  in 
1861,  was  the  first  to  pre|)are  it  synthetically  from  ethylene,  by  con- 
verting the  latter  into  cyanide.  Succinic  acid  is  formed  on  boiling  its 
dinitrile  with  caustic  potash  or  mineral  acids  : 


CHj.OH 


iH. 


CH, 


CH,I! 


CH,  '    tl 

Ethidene  chloride  and  potautum  cfanide  alw  yield  elbyli 


CH,CN 
tH,CN~ 


CH,.CU,H 


(6)  The  electrolysis  of  potassium  ethyl  malonic  ester  (p.  440)  pro- 
duces succinic  ester. 

(7)  By  the  decomposition  of  aceto-succinic  esters,  (8)  of  ethane- 
tricarboxylic  acid,  (9)  of  sym.  ethane  tetracarboxylic  acid. 

Succinic  acid  crystallizes  in  monoclinic  prisms  or  plates,  and  has  a 
faintly  acid,  disagreeable  taste,  it  melts  at  i8o°  (185°)  and  distils 
at  235°,  at  the  same  sime  decomposing  partly  into  water  and  succinic 
anhydride.  At  the  ordinary  temperature  it  dissolves  in  20  parts  of 
water. 

Uranium  salts  decompose  aqueous  succinic  acid  in  sunlight  into 
propionic  acid  and  CO,.  The  galvanic  current  decomposes  its  potas- 
sium salt  into  ethylene,  carbon  dioxide,  and  potassium  (p.  qo). 

Paraecnic  Aiids,  ]--1aclone  carbniiylii;  acid.4,  are  funned  when  sodium  succinate  I* 
healed  with  aldehydea  and  acetic  anhydtide  (FiUig,  A.  255,  l\.  When  succinic  acid, 
line  chloride,  sodium  neelate,  and  ncclic  anhydride  are  healed  to  200°,  ^mal]  quantities 
of  I'l'-dimelhyl-^l-Bcelyl  pyrrol  (B.  17,  R,  405]  are  produced.  When  calcium  suc- 
cinate ii  distilled,  p-dikelo-hexamethylene  is  produced  in  small  quanlitics  (B.  aS, 
738). 

Salts,  luccinate!:  The  inlciim  sail.  C,H,0,Ca,  »epnrales  wiih  3  moleciiles  of 
)  from  a  cold  solutiun,  but  when  it  a  deposited  froin  a  hoi  liquid  it  containE  only 


I 
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I  Hfi.  When  ammoniam  succinate  is  added  to  a  solution  containing  a  ferric  salt, 
all  the  iron  is  precipitated  as  reddish-brown  basic  ferric  succinate  (separation  of 
iron  from  aluminium).  When  potassium  ethyl  succinate  is  electrolyzed,  it  yields 
a//i/ic  esttr  (p.  454). 

Methyl  Succinic  Ester,  C,H^(CO,  .  CH,^,,  melts  at  19°,  and  boils  at  8o<»,  under 
a  pressure  of  10  mm. 

Ethyl  Succinic  Ester  boils  at  216°. 

Sodium  converts  them  into  succino-succinic  ester : 

CO,  .  CH,— CH  —CO  .  CH, 

CH,— CO— CHCO,CH, 

Ethylene  Succinic  Ester,  C,H^<^q»>C,H^,  fuses  at  90®. 

Mono-alkylic  Succinic  Acids.     Pyrotartaric  Acid,  Methyl 

_,  .    •  •!    CHg .  CH .  COaH  ri       T  i-  «      .       • 

Succinic  Acid,  j.„     ^^  «>  melts  at  112°.     It  was  first  obtained 

in  (i)  the  dry  distillation  of  tartaric  acid.  It  may  be  synthetically 
prepared  (2)  by  heating  pyroracemic  acid,  CH, .  CO.  CO,H,  alone  to 
170°,  or  with  hydrochloric  acid  to  100° ;  (3)  by  the  action  of  nascent 
hydrogen  ui)on  the  three  isomeric  acids:  ita-,  citra-,  and  mesa-conic 
acids :  C5He04  +  H,  ^  CftHeO* ;  (4)  from  /5-brombutyric  acid  and 
propylene  bromide  by  means  of  the  cyanide;  (5)  from  a-  and  /9- 
methyl  aceto-succinic  esters;  and  (6)  from  a-  and  ^-methyl  ethane  tri- 
carboxylic acid.  The  acid  dissolves  readily  in  water,  alcohol,  and 
ether.  When  quickly  heated  above  200°  it  decomposes  into  water  and 
the  anhydride.  If,  however,  it  be  exposed  for  some  time  to  a  tem- 
perature of  200-210®,  it  splits  into  CO2  and  butyric  acid.  It  suffers 
the  same  decomposition  when  in  aqueous  solution,  if  acted  upon  by 
sunlight  in  |)resence  of  uranium  salts  (B.  24,  R.  310). 

Strychnine  resolves  it  into  its  optically  active  components  (B.  29,  1254). 

Potassium  Salt^  CjHgO^Kj.  T\it  calcium  salt ^  CgH^O^Ca  -{-  2 H,0,  dissolves  with 
difficulty  in  water.  The  methyl  ester  boils  at  153°  { 20  mm. ).  The  ethyl  ester  boils  at 
160°  [22  mm.).  The  dimethyl  ester  boils  at  197°.  The  diethyl  ester  boils  at  218® 
(B.  26,  337). 

Ethyl  Succinic  Acid,  CO,H  .  CH,.  CH(C,H5)CO,H,  melts  at  98°.  n- Propyl 
Succinic  Ester,  CO,II .  CHj .  CH(C3H.)CO,H,  melts  at  91°  (A.  292,  137). 

Pimelic  Acid,  Isopropyl  Succinic  Acid,  (CHg),  .  CH  .  CH<^^»j^^^«"  was  firet 

prepared  by  fusing  camphoric  acid  and  tanacetogen  dicarboxylic  acid  (B.  25,  3350) 
with  caustic  potash.  It  may  be  synthetically  obtained  from  acetoacetic  or  malonic 
esters  (A.  292,  137),  as  well  as  from  the  products  of  the  action  of  potassium  cyanide 
upon  isocaprolactone  at  280°  (C.  1897,  I,  408).     It  melts  at  114°. 

Sv7nm.  Dialkylic  Succinic  Acids,  CO,H  .  CHR^  —  CHR^ .  CO,H. 

Symmetrical  dimethyl  succinic  acid  exists,  like  the  other  symmetrical  disobsti* 
tuted  succinic  acids, — f',i^.^  dibrom-succinic  acid  (p.  451),  diethyl-,  methyl-ethyl- ,  di- 
isopropyl-,  and  diphenyl -succinic  acids, — in  two  different  forms,  having  the  same  struc- 
tural formulas. 

Dioxysuccinic  acid  or  tartaric  acid  occurs  in  two  active  and  two  inactire  forms 
(one  is  decomposable  and  the  other  is  not),  which  are  satisfactorily  explained  by 
van  t'   Hoff 's  theory  of  asymmetric  carbon  atoms  (p.  49).     The  pairs  of  isomeric 
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I  dialkylic  succinic  atidi,  al»)  containing  asymmelric  Carbon  atoms,  r 

analogies  with  /<ara-  tait^iric  acid  (raceiuic  aciil),  and  iin/i-  or  rnfiB  tartaric  acid. 
Uenct  il  is  assumed  thai  their  isomerism  is  due  lo  the  same  cause.  The  higher 
melting,  more  djtilicull.l]r  »o1al)lc  modilicalion  is  called  the  fiara-fona,  while  the  niesn- 
or  aii/i-foTUt  a  more  readily  soloble,  und  melts  tower  (Bischoff,  B.  ao,  2990;  31, 
1106).  However,  tliis  assumption  is  doubtful,  inasmuch  as  not  one  of  the  consuuilly 
inactive  dialkylic  succinic  acids  has  erer  been  converted  into  an  active  variety  ^B.  at, 
1H19).  Bischoff  hns  set  forth  a  theory  of  dynamkal  isomeriim  (41.  14,  1074,  I085) 
in  which  he  presents  views  in  regard  to  the  equilibrium  positions  of  the  atoms  and 
radicals,  joitied  to  the  two  asymmelric  carbon  atoms,  in  the  symmetrical  diaUiyltc 

These  (their esters)  are  produced  as  follows:  By  the  saponiiicBlion  of  dimethyl- 
elhatie  tricarboxylic  esten  with  hydrochloric  acid ;  from  dimethyl  aceto- succinic  ester 
by  the  eliminalioit  of  the  acetyl  group  1  by  heating  a-bslogen  fnlty-ocids  with  re. 
dnced  silver  (B.  la,  60},  or  more  readily  by  the  action  of  potassium  cyanide  upon 
o-monohatogen  fatty-acids  (B.  11,3160) ;  by  the  reduction  of  dialkylic  malelc  anhy- 
drides, pyrocincbonic  acid  {p.  466),  with  soditim  amalgam  or  hydriodic  acid  (B.  ao, 
*737  i  "3.  ^)-  Hotli  symmetrical  dimelhyi  snccinic  acids  are  produced  in  all  of 
these  syntheses,     They  ore  separated  by  crystallization  from  water. 

•  Sym.  DimtfhyUmdme  Adds,  CO,H  .  CH(CH,)  —  CH(CH,)CO,H. 

The  para-BioA   is  soluble   in  96  parts  of   water   at    14°.      It  forms  needles  and 
prisms,  meltiog  at  i9Z°-t94°.     They  sustain  a  partial  loss  of  water  upon  melting. 
If  the  acid  be  heated  for  some  time  to  iSo'-loc^,  il  yields  a  miilure  of  the  anhy- 
drides, QHjO,.  of  ■Ait para-  and  nn.'.-acid  (melting  at  38°  and  87°).      With  water 
each  reverts  to  its  corresponding  acid.     When  acetyl  chloride  acts  on  the  /urii-acid. 
its  anhydride  is  the  only  product.     It  crystallii^es  from  ether  in  rhombic  plates,  melts 
at  38°,  and  unites  with  water  to  form  the  pure  para-acid  (B,  ao,  2741 1  31,  317 1 ; 
a".  389:  83.641;  as.R.  410)- 
^^^         If  ihe^rj-acid  be  heated  to  130"  with  bromine,  it  yields  pyrocincbonic  anhydride, 
^^^  C^H^O,  (p.  4G6).     Both  acids,  when  digested  with  bromine  and  phosphorus,  yield 
^^B  the  same  brom-dimethyl  succinic  acid,  C,H,BrO,,  melting  at  91°.     Zinc  and  hydro- 
^^H  chloric  acid  change  it  to  the  onfi-acid  (B.  2a,  do).     The  rlhyt  tsler  of  the  paraacid 
^^P   (from  the  silver  salt)  boils  at  lI?";  \]m  methyl  nitr  a.\  i^". 

The  flB/i-acid  (nnalt^ous  to  anli-tarlarie  acid  and  molelc  acid)  dissolves  in  33 
parts  of  water  at  14°.  Il  crystallizes  in  shining  prisms,  aod  fuses,  after  repealed 
crystal liia lions  from  water,  al  I30'-I23°.  It  yields  its  uHAj'aWi/jr,  C,H,0,,  when 
healed  to  100".  This  nielH  ol  S?".  It  regenerates  the  acid  with  water.  If  the 
■nli-acid  be  healed  with  hydrochloric  add  to  190°,  it  becomes  the  para-acid.  The 
«i/r4j'/ ^IW  boils  at  zoo"  1  the  e/ty/ titer  M  232'.  When  the  anti-acid  is  etheri6ed 
with  HQ,  it  yields  a  mixture  of  the  esters  of  the  anti-  and  para-acid  (B.  »,  3S9, 
646;  »3.  639). 

■         SyiH.   Mflhyl  Ethyl   Suaimi   Adds,        '     1       .„_',,■     The  ^n* -acid  melts 
CfH^  ,CH  .CO3H 
■I  179".    The  anii-  or  m«a-acid  melts  at  84°  (?)  (A.  aga,  1 39). 
Sym.  Mukyt  hoprapyl  SurdnU  Adds:    The   ' 
MiMo-acid  at  135°  (B.  ag,  R.  422). 

Symmttrical  Ditlhyl  Sticdmc  Adds.— The  para-add  melts  about  189-192' 
It  then  loses  water.  The  aurt-a.s'i/ melts  at  129=  (B.  10,  R.  41 6;  ai,  2085,  2105 
aa,  671  33,650). 

Sym.  DiproH-t  Suidnie  Adds  :     The  ^arn-acid  melts  at  197= ;  the  m«n-acid  a 

1178'  (B.  a>,  48). 
Sym.  Di-isopropyl Siiidnii  AddmnW-t  at  iSo°  (A.  aga,  162). 


ii-ncid  melts  at  174°,  and  the 


Uniym.  Dialkylic  Succinic  Acids. 

Vnsym.  Dimelhyi  Succinic  Add,  CO,H  .  CH,  .  C(CH,), .  CO,H,  melting  at  I40'*. 
Is  synthetically  prepared  from  o-dimethyl  ethane-tricarlioxylic  ester — ihe  product 
Ksulling  Irom  the  action  of  brombobutyiie  acid  upon  sodium  malonic  ester — on  b--' 
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ing  it  with  sulphuric  acid,  and  also  from  its  nitrile  (p.  449).  Its  imide  (p.  448) 
resulted  on  oxidizing  mesitylic  acid  (see  this).  Unsym.  Methyl-ethyl  Succinic  Acid 
(A.  292.  138,  153).  Unsym.  Diethyl  Succinic  Acid,  CO,H  .  CH,C(C,Hj),COOH, 
melts  at  86°. 

Trimethyl  Succinic  Acid,  CO,H  .  CH(CH,)— C(CH,),.  CO,H,  melting  at  I5i*> 
(A.  292,  142),  is  producetl  on  saponifying  the  tricarboxylic  ester  (B.  24,  1923) 
produced  in  the  action  of  bromisobutyric  ester  upon  sodium  methyl  malonic  ester, 
or  sodium-a-cyanpropionic  ester,  as  well  as  in  the  oxidation  of  camphoric  acid 
(H.  26,  2337),  and  by  fusing  camphoronic  acid  with  potash  (private  communication 
from  J.  Bredt  and  Jagelki).  The  formation  of  trimethylsuccinic  anhydride  from  cam- 
phoronic acid  by  distillation  is  rather  important  in  the  recognition  of  the  constitution 
of  camphor  (B.  26,  3047). 

(CH,), .  C .  CO.H 

Tetramethyl   Succinic    Acid,  X   n        »  **  formed,  together  with  tri- 

(CHg)j  .  C .  COjFI 

methyl  glutaric  acid  (p.  454)>  when  a-bromisobutyric  acid  (or  its  ethyl  ester)  is  heated 

with  silver  (B.  23,  297  ;  26,  1458) ;  also  by  electrosynthesis  from  potassium  dimethyl 

malonic  ester,  and  fromazo  but3nx>nitrile  (p.  361)  (A.  292,  220).    It  melts  about  190- 

192°.    It  parts  quite  readily  with  water  and  passes  into  the  axUiydride  (p.  447). 

Chlorides  of  the  Ethylene  Succinic  Acid  Group. 

Of  the  possible  chlorides,  the  monochloride,  CICOCH, .  CH, .  CO-H,  is  only  known 
in  the  form  of  its  ethyl  ester,  boiling  at  144°  (90  mm.),  which  results  from  the  action 
of  POCI3  (B.  25,  2748)  upon  sodium  succinic  ethyl  ester. 

Succinyl  Chloride^  melting  at  0°  and  boiling  at  190°,  results  from  the  action  of  PCl- 
upon  succinic  acid.  Formerly  it  was  given  the  formula  (i)  COCl .  CH,  .  CH, .  COCl 
almost  exclusively,  although  its  behavior  accorded  better  with  formula 

CH,.CCL 

CIL.COOH    rci,      CH,  .CO            PCU        CH, .  CCL  4H      CH,.CH, 

I     *  -'^-^i    '        >0 >\     '         '>0— ^1     '         '>o 

CIIj.COOH  CH,.CO  CH,.CO  CH,.CO 

This  latter  view  would  make  succinyl  chloride  a  dichlor-substitution  product  of 
hutyfoiattonc^  into  which  it  passes  on  reduction.  The  behavior  of  succinyl  chloride 
toward  zinc  ethide  is  in  harmony  with  its  lactone  formula,  for  it  then  yields  y -diethyl- 
hutyrohictone  (p.  345),  and  in  the  presence  of  benzene  and  aluminium  chloride  it 
chiefly  affords  y-difluuylbutyrolactone  (B.  24,  R.  320).  Ten  per  cent,  of  sym. 
dihciizoyl  ethane^  CgUjCO  .  CH, .  CH, .  CO  .  Cgllj,  is  produced  at  the  same  time. 
Probably  succinyl  chloride  is  also  a  mixture  of  much  y-dichlorbutyrolaclone  and  a 
little  [Imtandiacid  chloride],  CICO  .  CH,  .CH,.  COCl. 

Pyrotartryl  Chloride,  Cj.H^(  ),ri,,  boils  at  190-I95®  (B.  x6,  2624).  Unsym, 
Dimethylsuccinyl  Chloride,  C^W^O^ .  CI,,  boils  at  200-202®  (A.  242,  138,  207). 

Anhydrides  of  the  Ethylene  Succinic  Acid  Group. 

The  easy  anhydride  formation  is  characteristic  of  ethylene  succinic 
acid  and  its  alkylic  derivative.  It  proceeds  the  more  readily  the 
more  the  hydrogen  atoms  of  the  ethylene  group  are  replaced  by  alcohol 
radicals  (p.  442). 

Formation. — (i)  By  heating  the  acids  alone.  (2)  By  the  action  of 
PjOs  (H.  28,  1289),  I'Clj  or  POCls  (A.  242,  150)  upon  the  acids.  (3) 
By  treating  the  acids  with  the  chloride  or  anhy'^"'*^  of  a  monobasic 


ACID  GROUP. 


fatty  add,  e. 
A.  336,  \): 


•f^^j\    chloride   or   acetic  anhydride   (Anschiitz, 


(4)  When  ihe  chloride  of  a  dicarboxylic  acid  acts  {a)  upon  the  I 
acid,  or  ij>)  upon  anhydrous  oxalic  acid  (A.  326,  6)  ; 


CH, .  CCl,  COOH 


c!h,co- 


>0  +  2IICI  +  CO    h  CO.. 


I 


Sucdnie  AtihydriJe,  or  pynlorlaric  anhyihide,  melts  »t  31.5-32°  and  boJla  al  247°. 
Etkyt  Sutiinie  Anhydridt  Ixiils  at  243".  heprspyt  S^Kcinic  Aitkydriiie  boils  it  250". 
Fara-  uid  Mtso-i-dimtlkyl  Suiimic  Anhydride  mell  at  38°  and  87°,  lespectivelr 
(B.  at,  1460).  Mae-s-mclkyt-elkj/l-  and  Mao-s-Jieliyl  Suia'nU  AnAydi-idts  mell  at 
244-245°  and  245-146'.  UiuyHi.  Dimilhyl  SHcdnic  Ankydridi  melts  at  39"  and 
boils  ai  ai9-iM>°.  Trimithyl  Sucdnic  Anhydride  melts  U  31°  and  boila  bi  231' 
(760  mm.);  lol"  (13  mni.}.  Telramelkyt  Suerinic  Aahydridf  melts  at  147"  and 
lioils  at  330.5°. 

Properties  and  Behavior. — Succinic  anfafdride  has  a  peculiar,  faint,  penelratine 
odor.  It  can  be  recry^tallized  from  cblOTafomi.  Il  reverts  to  succinic  acid  in  moist 
air.  The  converaion  is  more  rapid  if  it  is  boiled  with  water.  It  jielJs  succinic 
■Ikyl  estei  acids  with  alcohols.  Ammonia  and  amines  change  it  ' 
alkyl  luccinamic  acids.     PCl^  changes  it  to  succinyl  chloride. 


I 


reduces  it  to  bmyrolaclonc  (B.  ag,  1193).     If  Ihc  anhydride  is  boiled  fnr  some  time 
it  loses  CO,  and  changes  to  the  dllactone  of  acetone  diacetic  acid.  CO(CH,.  CH,  .• 
CO,H),  {see  this).     P,S,  conrerts  soccinic  acid  and  sodium  succinate  into  Ihiopkene^ 

(!:H  =  CH  —  S  —  CH  =  CH  (see  this).     The  r 
logues  of  succinic  anhydride  have  thus  fat  been  acci 
to  those  of  the  latter. 

CHj.CO.O 

eactioDs  of  very  few  of  the  homo- 
jtBlely  studied.     They  are  similar 

0-0 
\/ 
_CH..C\„   .__  _    .__    __.. 

•dium  amalgam 

d  for  some  time    ^H 

0(CH,.CH,.-  ^1 

'  into  Ihiopiene,   ^H 

w  of  the  homo-  ^H 
fbey  are  similar   ^H 


lalliue  body,  ll  eiplodes  below  100°  if  rapidly  healed.  Il  is  formed  by  energeti- 
cally shaking  equlnrolecular  quantities  of  succinyl  chloride  and  iodmro  peiuxide 
(B.  ag.  1724). 


:thyi,ene   succinic    i 


Ethylene  succinic  acid,  like  oxalic  acid,  yields  an  imide,  a  diamide, 
a  nitrile  acid  and  a  dinitrile ; 


CH,.CO,H        CH,.CO 

CH-.CONH,       CH,.CO 

Succlnimlc  Succlnlmlde 


CH,.CO.Nil, 
CII,.CO.NH, 


CH, .  CO,H  CH, .  CN  j 

CH,.CN  CHj.C 

jS-C^nproplonlc  ElliyleiH 
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aliphatic  amines  (aod  aromatic  amines,  e.g.^  aniline  and  phenylhydimzine)  to  acid 
anhydrides.  They  behave  like  oxamic  acid  (p.  435).  When  heated,  or  when  treated 
with  dehydrating  agents,  e.g.^  PO^  or  CI  I, .  COCl,  they  become  imides,  which  bear 
the  same  relation  to  them  that  the  anhydrides  sustain  to  the  dicarboxylic  acids. 
Succinamic  Acid^  C(),I1 .  CH,  .  CII, .  CUNH,,  is  obtained  from  saccinimidc  by  the 
action  of  barvta  water.  SuccmetkyUimic  Acid,  C(),H  .  CH,  .  CH, .  CONHC,Hj  (A. 
251,  319).  Succinalk  AcU,  CO,H  .  CH,  .011,.  CuNHC.Hj  (B.  20, 3214).  (Msym. 
Dimethyl  Succinalic  Acid  melts  at  189°. 

{b)  Imides. — These  are  produced  (i)  on  heating  the  acid  anhy- 
drides in  a  current  of  ammonia;  (2)  when  the  ammonium  salts,  di- 
amides  and  amic  acids  are  heated.  They  show  a  symmetrical  structure, 
as  will  be  explained  in  connection  with  succinanil. 

Succinimide,   i   *'      >NH,  melting  at  126**  and  boiling  at  288°, 

crystallizes  with  water,  and  manifests  the  character  of  an  acid,  as  the 
hydrogen  of  the  NH -group  can  be  replaced  by  metals. 

Potassium  Sucdnimide,  C2H4(CO),NK ;  Sodium  Succinimide  (B.  28, 
2353) ;  Silver  Succinimide  (A.  215,  200)  ;  Potassium  Tetrasuccifiimide- 
triiodo-iodide,  {<<:^S^^^^^ .  KI  (B.  27,  R.  478 ;  29,  R.  298). 

The  cyclic  imides  are  readily  broken  down  by  alkalies  and  alkaline 
earths  ; 

CH, .  CO  H«0      CH- .  CO.H 

I    '        >NH  >  I    *        '       . 

CHj-CO-^  CII^.CONH, 

On  distilling  succinimide  with  zinc  dust,  oxygen  is  withdrawn  and 
pyrrol  (see  this)  is  formed. 

Pyrrolidine,  C4H9N  (R.  20,  2215),  is  formed  in  the  action  of 
sodium  upon  succinimide  dissolved  in  absolute  alcohol: 

CII  =  CH  Zn  CH,.CO  Na  CH, .  CH, 

I  -MI  ^  —    I    '         ^>NH  ->    I    '         *>NH 

CH      CH  Disiillcd      CHj.CO^  Alcoholic     CH,.CH- 

Pyriol  Succinimide  Pyrrolidine. 

Hj-pochlorous  acid,  and  h\'pobromous  acid  acting  on  succinimide,  and  iodine  apon 
silver  succinimide  produce  :  Succinchlorimide,  C2H^(CC)),NC1,  melting  at  148® ;  sue- 
cinbromimidf,  ('..n^((X)),  NHr,  melting  at  173-175°  with  decomposition,  and  sue- 
ciniodo-imide   (H.  26,  985).      I'hosphorus  pcntachloride   converts  succinimide  into 

CCi .  CO 
dichlormahhtimide  chloride^  \  ]>NH  ;    pentaclilorpyrrol,  C^GjN,  and   the 

V^V    I    •     >w  V,  \m 

heptachloride,  CjCl-0  (A.  295,  86).  Bromine  and  caustic  potash  convert  succinimide 
into  /^amid<)-propionic  acid  (p.  358).  Sodium  methylate  changes  succinbromimide 
by  a  molfcular  rearrangement  into  carbtnethoxv  j^amidopropionic  ester ,  CH,0.- 
CO.  Ml .  CIIj  .  CHj.  CO,.  CHj,  melting  at  33.5°  (B.  26,  R.  935). 

Methyl  Succinimide,  C,H^<^^>N  .CII3,  melts  at  66.5°  and  boils  at  234®. 

It  is  obtained  from  the  oxime  of  hnuvulinic  acid  (p.  379)  by  the  action  of  concen- 
trated sulphuric  acid  (A.  251,  318). 

CO 
Ethyl  Succinimide,  C,H^<^^>N.  C^H^,  melts  at  26°  and  boils  at  234°.    It 

is  formed  when  ethyl  iodide  acts  upon  potassium  succinimide.  It  yields  ethyl  pyrrol 
when  it  is  distilled  with  zinc  dust.  Isopropy I  Succinimide  melts  at  61°  and  boils  at 
230°.     Isobutyl  Succinimide  melts  at  28°  and  boils  at  247°  (B.  a8,  R.  600). 


I 
I 

I 


SUCCIKO-NITRILE. 

Phenyl  Suciinimidc,  Sucdnanil,  C.H.fCO), .  N  .  C,H„  meltiiiE  »t  150°.  is  con- 
CCI  —  CO 
TCrted  bj'  FCl,  bto  dichlormaUIc.aniMicMoride,  n  >NC,H(,  ihe  Xaxxua  of 


ca  —  CG, 

CCl  =  CCl 
y.»nilido.petch1orcrolonic   »cid   and   tctrachlorpbenyl   pyirol,  1  >NC,Hj, 

This  lut  fact,  and  the  reduction  of  dicblormaleic  dichloride  lo  } -aDilido-bulyrolactaRi 

CH, .  CO 
or  n-pbenjl  butyrolaclam,  1  >NC,Hj,   indicate  that  the  symmetrical  for- 

mula properly  Tills  lo  both  succinanil  and  Euccinimide  (A,  295,  39,  8S). 

Uitiym.   DimttAyl SuccinanilmcWs  al  85°.      Trimrlij-l Sucinartil mtlu  al  119°. 

Tilramff»ylSiucmaiiilmt\ista  88°  (A.  385,  234 :  aga,  184,  176). 

v-Anitida-mcciHimidt,  C,H,lCO),N  —  NHCjH,.  mells  at  155"  (J.  pt.  Ch.  [2], 
35.  293)' 

Pyrolartrimide.  '  "/,,  f 'n-^^^'  ""*"*  "'  ^^''*  *-^'™"''V  Sucnnimidi  (B. 
93,  646),  Unsym.  Dimtlliyl  Sueeiai'midt,  melting  al  id6",  is  produced  byo«idiiine 
mesilylic  acid  liee  ibis)  (A.  141,  zoS;  B.  I4i  1075).  Pimilimidi  melts  al  60°  (A. 
a»o,  176)- 

{i)  Diamides  and  HydraiideB. 

Succinsmide.  C,H,-^r-r,  *  mm'-  ''  pK>duced  like  oxamide.  It  crystallizes  from 
hot  water  in  needles.     At  100°  it  decomposes  into  ammonia  and  succinimide. 

SuetmHibrom-diamiiic,  NH,CO[CH,],CONBr,,  is  obtained  from  succinamide  »nd 
BrOK  (see  alio  0-laciyl  urea,  p.  402),     PyreBtrlramUU  mells  at  235°  (B.  ag,  R. 

CH-.CONH.NH, 
509).     Sarnniydr/iiidf,^^     CONII    NH  '  "''"    "      ''"   '^'  *"'   ^'  ^'''  *'' 
190). 

(rf) Cyclic  Diamides. — Suainy/ Et/iv/e/i/:  DiaiatWe, a  .' '  1    ' 

Phenyl-3.6-orlho[)iperazone, 
L   ■  '      '   ",  melting  al  199°,  isobtainedfrom  the  hydrochloride 

of  phenylhydraiiiie  and  succiny!  chloride  (B.  a6,  674,  aiSi). 

(e)  Nitriles. — Nitrik  acids  have  not  been  studied  to  any  great  ex- 
tent. Certain  dinitriUs  have  been  prepared  by  the  action  of  potassium 
cyanide  upon  alkylen  bromides,  the  addition- products,  formed  by  the 
union  of  bromine  with  the  olefines.  By  absorbing  water  these  di- 
nitriles  become  the  ammonium  salts  of  the  corresponding  acids,  the 
synthesis  of  which  they  thus  facilitale.  When  reduced,  they  take  up 
eight  atoms  of  hydrogen  and  become  the  diamines  of  the  glycols — e.g.: 


CH,OH 


^iH,Br~ 


CH, 

,  CO,H 

CH, 

.CN        f- 

-^.^H, 

.  CO,H 

bH. 

.CN-i. 

CH, 

.CH,.NH, 

CII, 

.  CH, ,  NH, 

Succino-nitrile,  ElhyUnt  Cyanide,  CN.  CH, .  CH,.  CN,  melt- 
ing at  54.5°,  and  boiling  at  158-160"  (zo  ram.),  is  amorphous,  trans- 
parent, readily  soluble  in  water,  chloroform  and  alcohol,  but  spar- 
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ingly  soluble  in  ether.    It  is  also  obtained  by  the  electrolysis  of  potas- 
sium cyanacetate  (p.  76). 

It  yields  ethylene  succinic  acid  when  saponified,  and  tetramethylene  diamine  upon 
reduction.  It  combines  with  4HI  (B.  25,  2543).  Paraformaldehyde,  glacial  acetic 
acid  and  sulphuric  acid  convert  it  into  methylene  s%ucinimidey  (C,H^ .  C^OiNj^CH,, 
melting  above  270®  (J.  pr.  Ch.  [2],  50,  3). 

(/)  OrSm^^.^Succinylhvdroxamic  Acid,  CO,H  .  CH,.  CH,  .  C(:  N  .  OH)OH 
(B.  28.  R.  999).  Succinyl'hydroxamic  Tetracetate,  AcO(AcON  :  )C  .  CH,  .  CH,.  - 
C( :  N.OAcjOAc,  melts  at  130°  (B.   28,    754).      Hydroxylamine  converts   suc- 

CH, .  C( :  NOH) 
cinonilrile   mto  mcammidoxtme,  \^^     ^^ >NH,  melting  at  1970  (B.  24, 

CH* ".  C( :  NOH) 
3427)    and    succinimide  dwxime,  {  ^NH,  melting  at   207®  (B.  22, 

CH,  .  C( :  NOH) 

2964). 

PyrotartaronitriU  melts  at  12°  (A.  182,  327  ;  B.  28,  2952). 

Umym.  DimethyhuccinonitriU,  CN  .CH,.  C(CH,),.  CN,  boils  at  2I»-220®  (B. 
22,  1740). 


HALOGEN  SUBSTITUTION  PRODUCTS  OP  THE  SUCCINIC  ACID  GROUP. 

lYit  monosubstitution  products  are  obtained  (i)  by  the  direct  action  of  halogens 
upon  the  acids,  their  esters,  chloridH  or  anhydrides.  In  case  of  the  acids,  it  is  ad- 
visable to  act  upon  them  with  amorphous  phosphorus  and  bromine  (B.  2Z,  R.  5); 
(2)  by  the  addition  of  an  halogen  hydride  to  the  corresponding  unsaturated  dicar- 
l)oxylic  acid  of  iht  fu marie  and  maleic  group  (A.  254,  161) ;  (3)  by  the  action  of  an 
halogen  hydride  and  (4)  of  PCl^  or  PBr^  upon  the  corresponding  a-monoxyetbylene 
dicarboxylic  acids  (A.  130,  21);  (5)  from  amido-succinic  acids  by  means  of  potas- 
sium bromide,  sulphuric  acid,  bromine  and  nitric  oxide  (B.  28,  2769). 

Inactive  chhrsuciinic  acid^  CO^H  .  ClICl .  CH^ .  COjH,  from  fumaric  acid  and 
hydrochloric  acid,  melts  at  15 1. 5°  to  152°.  The  dimethyl  ester  boils  at  106.5** 
(14  mm. ).  The  diethyl  ester  boils  at  122°  (15  mm.).  The  an  hydride  mdls  at  40-41° 
and  boils  at  125-126°  (12  mm.)  (A.  254,  156;  B.  23,  3757). 

d-Ch/orst/rrinic  Acid  melts  with  decomposition  at  176°.  It  is  obtained  from 
1-malic  acid  by  means  of  PCI5  and  water.  Its  silver  salt  becomes  d-malic  acid  when 
it  is  boiled  with  water.  The  dimethyl  ester  boils  at  107°  (15  mm.) ;  \ht  chloride  at 
92°  (II  mm.);  the  anhydride  at  138°  (20  mm.)  (B,  28,  1289). 

VChlorsuccinic  Acid  is  prepared  from  1  aspartic  acid,  which  can  be  changed  to 
1-malic  acid.  Starting,  therefore,  with  l-aspartic  acid,  it  is  not  only  possible  to  pre- 
pare l-chlor.succinic  acid  and  1-malic  acid,  but  with  the  aid  of  the  latter  we  can 
obtain  d-chlorsuccinic  acid,  which  can  be  transposed  into  ^-malic  acid  (p.  68) : 

y^  1-Chlorsuccinic  Acid  -^  d -Malic  Acid 

1- Aspartic  Acid \^^^  -^r  A 

1- Malic  Acid  >-  d-Chlorsuccinic  Acid. 

Inactive  bromsuccinic  acid^  COjH  .CHBr .  CH^  .  CO^H,  from  hydrobromic  acid 
and  fumaric  acid,  melts  at  l6o°.  Its  dimethyl  ester  boils  at  llo°  (lO  mm.).  Its 
anhydride  melts  at  30-31°  and  boils  at  137°  (II  mm.). 

A- Bromsuccinic  Dimethyl  Ester  ^  from  1-malic  acid  and  PBr^,  boils  at  124°  (20  mm.) 
(B.  28,  1291). 

V Bromsuccinic  Acidy  from  l-aspartic  acid  (B.  28,2770;  29,  1 699),  melts  with 
decomposition  at  173°. 


I 
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The  free,  inaclire  acids  and  their  eiteri,  when  heated  at  [he  ordinary  preaaure, 
break  down  iato  an  halugen  iijdiide  and  Aimiric  acid  and  lis  esler,  while  the  anhy- 
drides yield  the  halogen  bydridt?  and  maleic  anhydride  (A.  354,  157).  Moist  silrer 
(Mide  converts  bromsuccinic  acid  iaiu  inacthit  malU  acid  {ite  ihis),  which  can  ihus  be 
synlhesiied  in  this  way. 

The  addition  of  an  haloid  acid  Id  iu-.  citra-,  and  mesaconic  ncids  produces  cAlar- 
pymlarlaric  acidi,  C,H,C10,! 

(1}  llachterfyrtlartaric  Add,  melling  al  140-141°  (compare  paraconic  acid,  tee 
this,  and  iCamaiic  acid). 

(i)  Mna-  or  Chhi^rotarlaric  Acid,  melting  at  125°  (A.  188,  Jl). 

BrBntpyrolartaric  Acids,  CjII,tlt<J. ; 

[II  Itabrompyelnriarit  And,  melting  al  137°. 

(ij  CilrabroHifyroiartarit  Arid,  melting  at  148". 

bitaalogco  Subailtution  Products  are  produced  (i)  by  the  direct  action  < 
bromine  and  walei  upon  the  acids;  [2)  by  th«  addition  of  halogen  hydride  to  tl 
■nonohalogen  unsaturale<l  acids  of  the/uMianV  and  maltlc  scries ;  (3)  by  tbe  addilii 
of  halogens — particularly  bromiiic — to  tbe  unsaturated   acids   of  Ibe   fumatic  and 

When  hydrobromic  acid  is  added  to  AimaiJc  and  malelc  acids  Ibey  yield  the  lame 
monobroiiisucciDic  acid,  but  with  bromine,  fumaiic  acid  foimsi  the  siiaringly  soluble 
dibrtmiuccinic  add,  while  malelc  acid  and  bromine  yield  the  easily  soluble  iiodibrem- 
siiidnic  acid  and  fumatic  acid.  These  two  dibromsuccinic  acids  have  the  same 
structural  formula,  they  are  symmetrically  constructed,  and  their  isomeristD  is  prob- 
ably due  to  the  same  cause  prevailing  nitb  the  s-dialkylic  succinic  acids  (p.  444). 
Vet  [hey  are  intimately  related  to  tacemic  and  mesotartaric  acids,  which  were  first 
syn(he[ically  prepared  by  means  of  the  dibromsuccinic  acids.  Inasmuch  as  fumaric 
acid  yields  racemic  acid  when  oxidised,  therefore  tbe  sparingly  soluble  dibromsuccinic 
acid,  the  dibrom  addition  product  of  fumaric  acid,  should  coiresiiond  to  racemic  acid, 
and  isodibromsuccinic  acid  to  meso-tartaric  acid.  However,  the  transposition  reac- 
tions of  the  dibromsuccinic  acids  show  many  contradictions. 

Diihlersuccinie  Add,  from  fumaric  acid  and  liquid  chlorine,  melts  at  215°  with 
decotnposition.     The  milhyl  titir  melts  at  31"  (A.  aSo,  aio). 

IsadicAlorsucdnic  Add  mells  with  decomposition  at  170°.  It  is  obtained  from 
the  anhydride,  melting  at  95°,  the  addition  product  of  malelc  anhydride  and  liquid 
chlorine.  When  heated,  the  anhydride  changes  to  chlormalelc  anhydride  (A.  380, 
ii6). 

Dibrom-succinic  Acid,  C,H,Br,(CO,H),.  consists  of  prisms  which  are  noi  very 
soluble  in  cold  water.  When  heated  [0  200-235°  ■'  breaks  up  inio  lIKr  and  iirom- 
malelc  acid,  and  with  acetic  anhydride  it  yields  brom-molelc  anhydride  and  acetyl 
bromide.     The  nrr/AW  aftr  mc]U  at  62°;  the  rtAy/ ts/rr  U  68° 

iBodibrom-succinic  Acid,  C,H,Br,(CO,H)„  is  very  soluUe  in  water.  It  melts 
at  Ida"  and  decomposes  at  iSo"  into  HUr  and  brom-fumaric  acid  (p.  464).  Its 
ankydrUt,  CH,Br,[CO),0,  from  malelc  anhydride  and  bromine,  melts  at  42°.  At 
100"  it  breaks  down  into  HBr  and  brom-maleic  anhydride  (A.  280,207).  '^''^ 
anilic  add  \a<:\\i  at  144°.  The  oniV  melts  at  177"  (A.  292.  233  ;  239,  t^^)-  When 
reduced,  both  acids  yield  ethylene  succinic  add  ;  when  boiled  with  potKSaium  iodide 
they  change  to  fumaric  acid,  while  bailing  sodium  hydronlde  or  baryta  water 
converts  tbem  into  a.-ttyltne  diearboxylic  add  (A.  ay*,  I27).  The  sparingly 
soluble  dibiom  acid,  when  boiled  with  water,  passes  into  hrom-maleic  acid,  while 
tbe  readily  soluble  acid,  under  like  treatment,  becomes  broni-rumaric  acid.  Two  hun- 
dred parts  of  boiling  water  convert  the  difiicullly  soluble  dibrom-acid.  in  the  pres- 
of  the  brominated  unsaturated  acid,  into  mesolartaric  acid,  together  with  a  little 
nic  acid,  while  the  readily  soluble  acid  yields  much  tacemic  acid  and  but  little 
of  the  mesotartaric  acid  (A,  iga,  295) 

le  silver  salt  of  tbe  difficultly  soluble  dibrom-acid  changes  on  boiling  with  water 
:sotartaric  acid  [see  this),  while  racemic  add  is  ubiained  under  similar  condi- 
from  [he  easily  soluble  isodibromsuccinic  acid  (B,  ai,  S68).  Much  m«fl/nr- 
add  wi[h  but  li[[le  racimic  add  is  formed  on  boiling  the  barium  or  calcium  salt 
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of  the  difficultly  soluble  dibrom-succinic  acid.     The  contnidictions  in  these 
tioDs  are  made  clearer  in  the  scheme  which  follows : 


Fumaric  Acid  

Dibromsuccinic  Acid 


KMn04 


Malelc  Acid  

Isodibromsuccinic  Acid 


■>-  Racemic  Acid 


KMn04 


->  Mesotartaric  Acid 


Mesotartaric  Acid 


->-  Racemic  Acid. 


Tricklorsuccinic  Acid  is  a  crystalline,  exceedingly  soluble  mass,  obtained  on  expos- 
ing chlormaleic  acid,  water  and  liquid  chlorine  to  sunlight  (A.  280,  230). 

Tetrachlorsuccinanil^  melting  at  157^,  is  formed  together  with  dichlormalelnanil 
chloride  (p.  464),  when  PCi^  acts  upon  dichlormalelnanil  (A.  295,  33). 

Tribrom -succinic  Acid,  C^HBrj^COjH),,  is  produced  when  bromine  (and  water) 
acts  upon  brom-malelc  acid  and  isobrom-raaleic  acid ;  it  consists  of  acicular  crystals, 
which  melt  at  136-137^.  The  aqueous  solution  decomposes  at  60^  into  CO|,  HBr, 
and  dibromacrylic  acid,  CjHjBijO,,  which  melts  at  85®. 

Dibrompyrotartaric  Acids, — The  addition  of  bromine  to  ita-,  citra-  and  mesaconic 
acids  gives  rise  to  three  dibrompyrotartaric  acids,  which  upon  reduction  revert  to  the 
same  pyrotartaric  acid  (p.  444). 

The  ita-,  citra-  and  mesa-dibrompyrotartaric  acids,  CgHgBr^O^,  are  distin- 
guished by  their  different  solubility  in  water.  The  ita-  compound  changes  to  aconic 
acid,  CjH/)^,  when  the  solution  of  its  sodium  salt  is  boiled;  the  citra-  and  mesa- 
compounds,  on  the  other  hand,  yield  bromraethacrylic  acid  (p.  283). 

An  excess  of  caustic  potash  will  convert  citradibrompyrotartaric  acid  into  brom- 
mesaconic  acid  (p.  464). 


GLUTARIC  ACID  GROUP. 

Glutaric  acid  and  its  alkylic  derivatives,  like  ethylene  succinic 
acid,  are  characterized  by  the  fact  that  when  they  are  heated  they 
break  down  into  anhydride  and  water.  The  anhydrides  readily 
yield  anilic  acidsj  from  which  anils  can  be  obtained  by  the  with- 
drawal of  water.  The  glutaric  acids  resemble  the  ethylene  succinic 
acids  in  deportment,  but  they  arc  changed  to  anhydrides  with  greater 
difficulty  by  acetyl  chloride,  and  are  not  so  volatile  with  steam. 

Glutaric  Acid,  ^^^%<i^\\i^i(^'\\'  Normal  Pyrotartaric  Acid  \Pent' 

an  diaciii\  is  isomeric  with  monomethyl  succinic  acid  or  ordinary 
pyrotartaric  acid,  as  well  as  wnth  ethyl  and  dimethylmalonic  acids 
(P-  4vS7)-  It  was  first  obtained  by  the  reduction  of  a-oxyglutaric  acid 
with  hydriodic  acid.  It  may  be  synthetically  prepared  from  tri- 
methylene  bromide  (p.  303),  through  the  cyanide  ;  from  acetoacetic 
ester  by  means  of  the  aceto-glutaric  ester  (see  this") ;  from  glutaconic 
acid  (p.  467),  and  from  propane  tetracarboxylic  acid  or  methylene 
dimalonic  acid,  ^^[^(COjH^,  by  the  removal  of  2CO,.  Glutaric 
acid  crystallizes  in  large  monoclinic  plates,  melts  at  97°,  and  distils 
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near  303",  with  scarcelyanydecomposilion.      It  is  soluble  in  i.i  parts 
water  at  14°. 

The  lalcium  salt,  CjH.O.Ca  +  4H,0,  and  iarium  sail,  CjH.O.Bs  +  sH,0  (like 
calcium  bulyrate,  p.  247),  are  easily  soluble  in  water;  the  fiisl  more  readily  in  cold 
than  in  fltacm  water.  'Iht  mcnamilhyl  estn  bai\m  153"  (20  mm.  |  (B.  a6,  R.  Z76). 
The  ttkyl tiler  boils  at  tyf.  The  ankydriile,  CsH,©,,  forms  on  ilowiy  healing  llie 
acid  to  330-2801°,  and  in  Ihe  aclion  of  acetyl  chloride  on  the  silver  sail  of  the  acid. 
It  crystalliies  in  needles,  melting  at  56-57°, 

Glularimide,  C,H,(CO),NH,  results  by  the  distillation  of  ammo- 
nium gliitarate  and  by  the  oxidation  of  pcntamcthyleneimide  (p.  315), 
or  piperidine  with  H,0,  (B.  24,  3777}.  U  yields  a  liltit  pyridine 
when  it  is  heated  with  zinc  dtist  {B.  l5,  16S3).     It  melts  at  151". 

NilriU  of  Glularie  Acid,  Trimelhylen 
286°,  is  obtained  from  trimcthylene  bromide  and  potusium  cyanide.  Alcohol  and 
■odium  convert  ll  into  peatamelhylene  diamine  (p.  jI3)  and  piperidine  (p.  315), 
while  it  yields  glutarimide-dioxime  with  bydroxylamine  (B.  34,  J431). 

PtHlaihhrglutaTU  And,  CO.H  .  CCl, .  CHCl .  CCl, .  CO,H  (,B.  as.  i=i9)- 

MoHoalkylU  Glutorit  Acidi.—aMfikyl  Glutaric Acid,  CH,<^|}'^^|[^^q  „, 
melting  at  76°,  results  from  the  reduction  of  laccharone,  and  on  treating  camphor- 
photone  with  KMnOj  (B.  15,  265).  It  may  by  synthesized  by  starling  with  methyl' 
acetoncelic  esier  and  ^•iodopropionic  acid,  and  when  KCN  acts  upon  Ixvulinic  acid. 
It  is  a  by-product  in  the  decomposition  of  isobulylene  iricarboiylic  ester. 

P,S,  conterts  it  into  m/thylftHtiophene.  The  anhydride  melts  at  40°  and  lioiU  at 
283°.  See  A.  391,  211,  for  the  anili^  aeidi.  a-ElkyI  Glularit  /Itni/mells  at  60° 
and  boils  at  195°  (30  mm.).  The  ixivi/rrifr  boils  at  275°.  Amlic  Acids,  A.,  agfl, 
144,  215.  /J  MeriyI  Giularic  Acid,  etfaidene  diaeetic acid,  CH,.  CH(CH, .  CO,H)p 
melling  at  86°.  is  formed  from  crotonic  esler  and  sodium  malonic  ester.  The  anhydridi 
melli  at  46°  and  boils  at  283'  (B.  24,  2888).  ^-Elkyl  Gluf.irii  Add,  propidene 
diacetic  acid,  melts  at  67°.  Tbc  two  acids  are  obtnined  from  ethidcnc  and  propidene- 
dimatonic  acid. 

Di-  and  Tri-alkylic  Glutaric  Acids  are  produced  together  with  tri-  and  telia- 
melhyl  succinic  adds  in  the  syntheses  of  these  latter  acids  from  a-bromisobutyric 
acid  with  silver,  with  methyl  malonic  ester,  etc.  In  order  10  explain  the  fonnation  of 
these  unexpected  alkylic  glutaric  acids  in  these  reactions,  it  has  been  assumed  ibat  a 
portion  of  the  a-bromisomilyrtc  acid  gives  up  HBr  and  passes  into  methacrylic  eiter. 
In  Ihe  silver  reaction  the  BrH  allaches  itself  to  the  methyl  acrylic  esters,  nnd  the 
^-Imunisobutyric  esler,  whereby  ihe 
I,  48,  60) : 

CO,C,Hji  CO,C,H,  CO,C,H, 

1  -HBr  1  +HBr  I 

CBr ->-         C  >-     CH 

A  /^  y'X 

H,C  CH,  H,C      CH,  CH,  CH,Br 

CO,C,Hj  CO,C,H,       COjC^H,      CO,C:,Hj 

CH— CH,Br  +  2Ag  +       CBr  =   CH— CH,-C  +  lAgBr. 

1  /^  1  -^"^ 

CH,  CH,  CH,  CH,  CH,  CH, 

lo  the  second  ilage  »odium  meth)l  malonic  esler  nllaches  itself  to  melhyl  actylU 
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ester,  and  when  the  addiiion  product  is  saponified  it  yields  dimethyl  glotaric  acid  (B. 
24,  1041,  1923): 

COjCjIIj  COjCjIIj  COjCjHj        CO.C^H, 

C-  -=    _CH,  -I-  NaC-CO.CjHj  =  CNa— CH,— C— COjCjHj 

CH3  CH,  in,  (!:h, 

aa^Dimethy}  Gluiaric  Acids,  CH,[CH(CH,)CO,H]„  melting  at  I270and  I40«>  (A. 
292,  146;  H.  29,  R.  421),  also  result  from  the  action  of  methylene  iodide  upon  sodium 
a-cyanpropionic  ester.  Bromine  converts  both  acids  into  a  brom-products,  from 
which  oxydimethyl  glutaric  acids  and  their  lactones  are  obtained  (B.  25,  3221 ;  A. 
292,  146).  aay- Diethyl  Glutaric  Acids  (A.  292,  204).  a^- Dimethyl  Gluiaric  Acid 
(A.  292,  147;  B.  29,  2058). 

Vnsym,  aa^  Dimethyl  Glutaric  Acid,  CO,H  .  C(CH,),  .  CH,  .  CH,.  CO,H,  melts 
at  850,  and  its  anhydride  at  sS**.  fi;^- Dimethyl  Glutaric  Acid,  CO,H .  CH,C(CH,),- 
CH,CO,H,  from  dimethyl  acrylic  ester  with  sodium  or  potassium  malonic  ester,  and 
subsequent  decomposition  of  the  dimethyl  propane  tricarboxylic  acid  (A.  292,  145  ; 
C.  1897,  I,  28),  melts  at  100°,  and  its  anhydride  at  124°.     The  anilic  ar/V/ melts  at 

I  "XdP 

a]a,  a^-Trimethyl  Gluiaric  Acid,  CO,H  .  CH(CH,)CH,C(CH,),  .  CO,H,  melts  at 
97^  (compare  tetrametbyl  succinic  acid).  Its  anhydride  melts  at  96°  and  boils  at 
262°  (A.  292,  220). 


GROUP  OF  ADIPIC  ACID  AND  HIGHER  NORMAL  PARAFFIN  DICAR. 

BOXYLIC  ACIDS. 

Adipic  acid  and  its  alkylic  derivatives  volatilize  under  reduced 
pressure  without  decomposition.  They,  together  with  normal  pimelic 
acid  and  suberic  acid,  arc  characterized  by  the  fact  that  when  their 
calcium  salts  are  heated  cyclic  kelones  result  (J.  Wislicenus,  A.  275, 

309) : 


CH,.CH,.CO..n 

.    I 

1  cn^.cii.^.(()ji 

I  Adi])ic  Acid 

.  CIL.CILv 

CHj.CIl/ 
Oxo-  or  Kclopcnta- 
methylciie 
[Cyclopeiilaiion] 


CH. 


^CH, .  CH2 .  CO,H  CH,  .  CH, .  CH,CO,H 


\CH,.CH,.CO,H 
Normal  Pimelic  Acid 

CHjj.CH, 

Y  CH,(  )CO 

*\CH,.CH,/ 

Oxo-  or  Kctohexamethylcne 
[Cyclohexanon] 


i 


H, .  CH, .  CHjCOjH 
Suberic  Acid 


CH, .  CH, .  CH,y^ 

CH,.CH,.CH,X 

Suberone 
[Cyclobeptanon]. 


CO 


When  adipic  acid  and  the  higher  saturated  dicarboxylic  acids  are  boiled  with 
acetyl  chloride,  anhydrides  are  also  produced.  It  is  not  known  whether  they  should 
receive  the  simple  molecular  formula'or  a  multiple  of  it  (B.  27,  R.  405  ;  C.  X896,  II, 
1091V 

Adipic  Acid  [Hexan  diacid],  C02H[CH,]/..'0,H,  was  first  obtained  by  oxidizing 
fats  with  nitric  acid.  It  is  also  produced  (l)  in  the  reduction  of  hydromuconic  acid 
(p.  467).  It  is  synthetically  prepared  (2)  by  heating  /?-iodpropionic  acid,  with 
reduced  silver,  to  130-140°,  or  with  copper  to  160°  (B.  28,  R.  466) ;  (3)  by  the 
electrolysis  of  potassium  ethyl  succinic  ester  (A.  261,  I17),  and  (4)  from  ethylene 
dimalonic  acid  or  butane  tctracarboxylic  acid.  Sodium  converts  adipic  ester  into 
/?-ketopentamethylene  monocarl)oxylic  ester  (B.  27,  103).  Cyclopentanon  is  pro- 
duced when  the  calcium  salt  is  distilled. 


\ 
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a-Mtlkyl  AdipicAtid  mells  «t  64'.  a-Blkyl  Adific  Acidns,  liquid.  fi-Melhyl 
Adipit  Acidian\t&  at  Sg"  and  boils  at  210-212°  114.5  mm.).  Ii  rMulu  from  the  oiX- 
dation  of  pulegooe  and  mcntbone  (A,  aga,  14S). 

O'ti-DUtiyl  Adifir  Aiids  hane  been  prepared  from  ihe  corresponding  an,-dialk)rlic 
elhylcne  dimalonic  adds.  aayDimilhyt  AdipU  And  {txv  ^.  27,1578).  aa^-Diethyl 
Adipic  Acu/s  (xe  1).  a8,  R.  JOO).      a- Br f madipk  Aad  mt\t£al  ijl"  1 1).  a8,  R.  466), 

Normal  Piinelic  Acid  [ilcpWn  diacid],  CH,<[:">-^jJ"' ^^'[]  (A.  393. 
150),  htil  prepaied  hj  oxidizing  auberone,  and  from  lalic^lic  acid  through  the  action 
or  sodium  in  amyl  alcohol  solution  (A.  a86,  759)  1  by  healing  turonic  acid,  C,H,0,. 
wiih  HI,  and  in  the  QKidatioD  of  fals  with  nitric  acid,  can  be  obtained  synthetically 
from  trimethyiene  bromide  and  malonic  ester  by  healing  pentamethylene  letracar- 
boiylic  acid,  which  is  the  first  product  of  the  reaction  {fi,  26.  709).  ll  melts  at  105°. 
When  its  lime  salt  is  distilled  [cycloheianon]  is  produced  {p.  454). 

A/Mie  Pimilu  Aiidt :  a-,  (i-.  and  y  Methyl  Piinelic  Acids  melt  at  54°,  49°.  and 
56°.  They  are  formed  when  (he  a-,  m-,  and  pcrcaolic  acids,  or  tH:tIer  their 
ilibrom-derivaliaes,  are  reduced  by  amyl  slcohot  and  sodium  (A.  ag;.  173).  The 
a-acid  may  also  be  prepared  from  Ihe  correipondinc  tetracnrboxylic  acid  (I),  ag,  720). 

lul^.I}ime/Avl  Pimi/ie  Audi  me\l  at  Si"  and  76°  (B.  aS,  R.  465). 

a^a-Trimeiiyl PimeKe  AciJha\\iM  214"  (15  mm.)  (fi  38,  ^943). 

aOi-Dii-o'Hpi'Hi/ii-  Arid  raehi  sX  141°.  lli  ditlhyl  filir.  boiling  al  224°  (28  mm,). 
when  acted  upon  by  sodium  ethylate  becomes  A'-cyclopentene.dicarboxylic  acid. 

Suberic  Acid  [Octan  diacid] ,  C,H„0,.  is  obtained  by  Uiling  corlcs  (B.  36. 30S9), 
or  fatly  oils,  with  nitric  acid  (H.  96.  R.  814).  It  melts  al  140°,  \l%elMyle!tir\xA\s 
at  aSo-aSz".  It  has  l>eea  synthesized  by  electrolyzing  potassium  elhy]  glularate. 
Subitent  (p.  454}  results  when  its  calcium  salt  is  distillnl  (A.  275,  356).  Its  OHhy- 
dride  melts  at  Si".  The  dikydratidr  melts  at  iSs".  The  diaside  melts  al  25°  (B. 
ag,  tl66).    See  also  1.6-hexamelhylene  diamine,  p.  313. 

Higher  iiihasie  acids  are  produced  by  oxidizing  the  fatty  acids  or  oleic  acids  with 
nitric  acid.  They  always  form  succinic  and  oxalic  acids  at  Ihe  same  lime.  The 
higher  acetylene  carbonylic  acids  usually  decompose  into  Ihe  acids  C^Ilg^O,,  when 
otidiied  with  fuming  nitric  acid.  The  mixture  of  acids  that  results  is  separated 
by  fractional  crystal  Illation  from  ether;  tbe  higher  memtiers.  being  less  soluble, 
separate  out  tirsi  (B.  14,  $60),  Such  acids  hare  also  lieen  produced  by  the  breaking- 
dowr  of  ketoiiraic  acids  through  tbe  action  of  concentrated  Sulphuric  acid,  e.g., 
seLiacic  acid  from   ketoxime  stearic  acid.      See  p.  285  for  the  impoTlance  of  this 


diacid],  is  best  prepared  by 
It  can  lje  synthesized  from 
K  a6,  2149).     Its  anhydride 


I.eparg;ylic  Acid,  C„H„0,,  Aielaic  Acid  (Noc 
oxidizing  castor  ojl  [B.  17.  2214).  ll  melts  al  106° 
pentamelhylenc  bromide  and  sodium 

Sebacic  Acid,  C|,H„.0,  [Decan  diacid],  is  obtained  by  the  dry  disliltati 
oleic  acid,  by  the  oxidalioB  of  stearic  acid  and  spermaceti  from  ketoxime 
acid,  and  from  heptane  letracarboxylic  acid  (B.  27.  R.  4IJJ.  The  acid  melts  at 
The  ankydrUlt  melts  at  78', 

Brassylic  Acid,  C,|H,„0,,  obtained  by  oxidizing  behenoteic  and  eracic 
melts  at  114°  {B.  aB,  639.  K.  795,  gii). 

Roccellic  Acid.  C,,H„0,,  occurs  free  in  Hoatla  lincloHa.     It  mclis  al  Ij: 


I 
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B.  OLEFINE  DICARBOXYLIC  ACIDS.  C.Hj^404. 

The  acids  of  this  series  bear  the  same  relation  to  those  of  the  oxalic 
acid  series  that  the  acids  of  the  acrylic  series  bear  to  the  fatty  acids. 

The  free  acid  hydrates  of  all  the  acids  of  the  oxalic  series  are 
known,  but  in  the  case  of  the  unsaturated  acids  there  are  some,  like 
carbonic  acid,  which  only  exist  in  the  anhydride  condition.  When 
the  attempt  is  made  to  liberate  the  acids  from  their  salts,  they  imme- 
diately split  off  water  and  pass  into  the  corresponding  anhydrides, 
e,  g.f  dimethyl  and  diethyl-maleic  anhydrides.  The  analogy  of  such 
acids  with  carbonic  acid,  to  which  reference  has  already  been  made 
(p.  290),  manifests  itself  in  the  following  constitutional  formulas  (A. 
254,  169;  259,  137): 


(._^    ONa 

^ONa 
CII,.C_C/ONa 


>ro=c<gu' 


>0=C=0  +  H,0 


, .  c_c=o 


CH 


Pyroclnchonatc  or 

Dimethyl  maleate  of 

Sodium 


OH 
CH, .  C_C^H 

11       > 
CH3 .  C— c=o 

Pyrocinchonic  Acid 
(Does  not  exist) 


CH, .  C— C=0 

i     >o  +  H,o 

CH, .  C-C=0 

Pyrocinchonic  An- 
hydride. 


Hence,  dimethyl  and  diethyl-maleic  acids  cannot  contain  two 
carboxyl  groups  any  more  than  carbonic  acid  can  contain  them. 
Even  in  the  salts  and  esters  a  /'-lactone  ring  would  be  present.  The 
hypothetical  acid  hydrates  would  be  unsaturated  /'-dioxy-lactones. 

The  cycloparaffin  dicarboxylic  acids,  having  a  like  carbon  content  and  isomeric 
with  the  unsaturated  dicarboxylic  acids,  will  be  discussed  after  the  cycloparaffins, 

CH, 

TnmethyUne  Dicarboxylic  Acidy     1        ,>C(C02H), 

CH,   .  CH.COjH 
Tetramethylcne  Dicarboxylic  Acid,    1  1 

-^  -^  'CH,  — CH.COjH 

CH,  — CH.COjH 

CH,  — CH.CO,H. 


PentamethyUne  Dicarboxylic  Acid,  CH,- 


The  lowest  member  of  the  series  has  two  possible  structural  iso- 
merides :  methylene  ma  Ionic  acid,  CH, :  C(C02H)2,  and  ethylene  dicar- 
boxylic  acid,  CO,HCH  :  CH  .  CO,H.  The  first  is  only  known  in  the 
form  of  its  ester.  However,  there  are  two  acids,  fumaric  and  tnaletc 
acids,  which  it  is  customary  to  regard  as  different  modifications  of 
ethylene  dicarboxylic  acid. 

(a)  Alkylen  Malonic  Acids. 

CO  C  H 
Methylene  Malonic  Ester,  CH, :  C<pQ*pTj*,  is  produced  when  l  molecule 

MA  0 

of  methylene  iodide  and  2  molecules  of  sodium  ethylate  act  upon  I  molecule  of  malonic 
ethyl  ester  (together  with  /3-ethoxy-iso-succinic   ester,  C,Hj .  O .  CH, .  CH(CO,R), 


I  (B.  33,  R.  1941  aa,  3394;  A.  373,43,  p.  4S6),  UudFr  dimiTii'hcd  pressure  it  distils 
u  a  mobile,  hadly  siiiclliiig  oil,  I(  allowed  lo  land,  ii  soon  clianges  lo  ■  while, 
solid  mass,  (C^II„U^)p  The  liquid  esler  deports  ilself  tike  bd  unsaluriled  com- 
pound.    It  unites  with  bromine.     See  also  ^ -anyisosueciDJc  acid.  p.  4S6. 

Etbidene  Malonic  Ester.  CH, .  CI^I .-  ClCO,C,lI,]„i5  rormed  iij  tbecDudensiilion 
of  malonic  ester  with  acelaldehfde  on  beating  with  acetic  anhydride  (A,  aiB,  145). 
1(  boils  al  116"  under  B  pressure  of  17  mm.  Wh«ti  taponified  with  baryta  water  il 
yields  an  oxydicarbo.ylic  acid,  C,H,(OH)|.CO,H),.  ll  combines  with  malonic  ester 
on  heatiti);,  and  becomes  etbidene  dimalonic  esler. 

Tlie  condensation  of  miilonie  ester  with  chloral  may  be  effected  by  heating  them 
with  acetic  acid  anhydride,  the  product  being  the  diclliyl  ester  of  THihtorttkident 
mahnit  an'</.  CCl,  .  CH;C(CO,Hj„  a  (hick  oil,  boiling  about  l6ci°  under  33  mm. 
prcsEDre.  Iiofrofyltnt  Malonii  Acid,  (CH,1,C:  C(CO,H)„  melts  at  170°.  In  itiyl 
«/er, boiling  at  176°  (iio  mm.),  is  obtained  (lom malonic  ester  and  acetone  bf  means 
of  acetic  anhydride  (B.  aB,  785,  1113). 

Ally]  Mmtonic  Acid,  CH,:  CH.  CH,- CH(CO,H),.  is  obwined  from  malonic 
eater  by  means  of  allyl  iodide.  It  crystallizes  in  prisms  and  melis  at  103°  (A.  irC, 
51).  Compare  jralerolactone,  p.  344.  and  carbovalerulnclonlc  acid,  p.  494.  See 
if.  as,  l&^b.ioi  tlliyl-allyl-maionic  acid  taiA  its  homologues. 

(i)  Unsaturated  Dicarboxylic  Acids,  in  which  the  mrboxy!  groups 
I  are  attached  to  two  carbon  atoms  (]).  456). 

Formation. — They  can  be  obtained,  like  the  acrylic  adds,  from  the 
aturated  dicarboxylic  acids  by  the  withdrawal  of  two  hydrogen  atoms. 
I  This  is  effected  (i)  by  acting  on  the  monobrom-derivaijves  with  alka- 
(.lies: 

C,H,Br(CO,H),  +  KOH  =  C,H,(CO,H),  +  KBr  +  H.Oi 

BioniuccinicAcid  FumaricAcid. 

I  or  the  same  result  is  reached  (2)  by  letting  potassiuiD  iodide  act  upon 
I  the  dibrom-derivalives  (p.  277).  Thus,  rtimaric  acid  is  fonncd  from 
|,boih  dibrom-  and  isodibrom-succinic  acids: 

C,H,Br,(CO,H),  +  2KI  =  C,H,(C0,H1,  +  iKBr  +  1,; 

f  and  mesaconic  acid,  CsH((CO,H)„  from  citra-and  mesa-dibrom-pyro- 
I  lartartc  acids,  C,H,Br,(COjH),.  As  a  general  thing  ilje  unsaturated 
racids  are  obtained  (3)  from  the  oxydicarboxylic  acids  by  the  elimina- 
I  tion  of  water  (p.  458). 

Deportment. — The  acids  of  this  scries  show  the  same  tendency  lo 
^  addition  reactions  as  was  observed  with    the   unsaturated  nionocar- 
I  boxylic  acids.     Thus  (t)  hydrogen  causes  ihcm  to  revert  to  saturated 
dicarboxylic  acids ;  (2)  haloid  acids  (particularly  HBrJ  and  (3)  halo- 
gens convert  them  into  haloid  saturated  dicarboxylic  acids.    (4)  When 
heated  with  caustic  potash  an  addition  of  hydrogen  occurs  with  the 
production  of  mon ox y -saturated  dicarboxylic  acids;  others,  again,  are 
^^_    molecularly  rearranged  (B.  26,  308a).     Such  rearrangement  among 
^^L  isomerides  has  been  induced  by  boiling   water  or  acids   (compare 
^^B  furaaric  and  maleTc  acids,  mesaconic,  citraconic  and  itaconic  acids). 
^^V'  (5)  Potassium  permanganate  oxidizes  some  of  the  unsaturated  dicar- 
^^^txjxylic  acids  to  dioxy-dicarboxylic  acids  of  the  paraflin  scries,     (6) 
^^■Amido-  and  substituted   amido-dicarboxylic  acids  of  the  saturated 


J 
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series  have  been  obtained  by  the  addition  of  ammonia,  aniline  and 
other  bases. 

(7)  The  acids  of  this  series  combine  with  diazoacetic  acid,  yielding  pyrazoline 
derivatives  (A.  273,  214;  B,  27,  868),  which  pass  into  trimethylene  derivatives  by 

the  elimination  of  nitrogen  (p.  366) : 


COsCjHoCH      CHCOsCHs      COaC,H».CH— CHCOiC,H»      COiCfH»CH— CHCOsCjH, 

COjCjIUCH 


^                COtCjHft.CH    N  COtCiHsCH'^ 

^^ 

N'                                               N  +  Ni. 

umaric          Diazoacetic  [1 , 2, 3]-Triincthylcnc 

Acid                  Ester  Tricarboxjlic  Ester. 


Fiimaric  and  maleic  acids,  the  first  members  of  this  series,  are  by  far 
the  most  important  acids  of  their  class. 

Fumaric  Acid,  CjHjCCOjH),,  occurs  free  in  many  plants,  in  Ice- 
land moss,  in  Fumaria  officinalis  and  in  some  fungi.  It  is  formed  (i) 
when  inactive  and  active  malic  acid  are  heated  (water  and  maleic 
anhydride  and  other  products)  (B.  12,  2281;  18,  676);  (2)  in  boil- 
ing the  acjiieous  solutions  of  monochlor-  and  monobrom-succinic  acids; 
(3)  by  heating  dibrom-  and  isodibrom-succinic  acids  with  a  solution 
of  potassium  iodide;  (4)  synthetically  from  dichlor-  or  dibromacetic 
acid  and  silver  malonate ;  (5)  from  maleic  acid  (see  the  conversion  of 
fumaric  and  nialcTc  acids  into  each  other).  It  may  be  prepared  by 
boiling  brom  siiccinyl  chloride  with  water  (B.  23,  3757). 

Properties. — It  is  almost  insoluble  in  cold  water.  It  crystallizes 
from  hot  water  in  small,  striated  prisms.  It  sublimes  at  200°,  and  at 
higher  temperatures  decomposes,  forming  maleic  anhydride  and  water. 

The  silver  salt,  C^II./.\Ag2.  is  very  insoluble ;  it  resists  the  light  quite  well.  The 
hariuf)i  sdlt,  C^H.^O^Ha  4-  3^ci»  consists  of  prismatic  crystals,  which  effloresce  and 
when  boiled  with  water  change  to  C^ji^O^Ba— a  salt  that  is  practically  insoluble  in 
water. 

The  esUrs  are  obtained  from  the  silver  salt  by  the  action  of  alkyl  iodides,  and  by 
leading  HCl  into  the  alcoholic  solutions  of  fumaric  and  maleic  acids  (B.  12,  228?), 
They  are  also  jyoduced  in  the  distillation  of  the  esters  of  bromsuccinic  acid,  malic 
aritl  and  aceto-malic  acid  (B.  22,  R.  813).  They  are  also  obtained  from  maleic 
esters  (see  p.  459),  and  from  diazoacetic  esters  on  the  application  of  heat  (B.  29, 
763).     They  unite  2 Br,  forming  esters  of  dibromsuccinic  acid. 

The  methyl  esUr,  C\H..(CO.^ .  CH,),,  melts  at  I02°,  and  boils  at  192^  The 
ethyl  ester  is  liquid,  and  boils  at  2l8°  (B.  12,  2283). 

Many  other  substances  have  the  power  of  adding  themselves  to  them,  e.g.^  sodium 
acetoacetic  ester,  sodium  malonic  ester  (B.  24,  309,  2887,  R.  636),  sodium  cyan- 
acetic  ester  (B.  25,  R.  579),  diazoacetic  ester  (p,  365)  phenyl  azoimide,  etc. 

Fumaryl  Chloride^  COCl .  CH  :  CH  .  CO  .  CI,  lx)iling  at  1 60°,  is  produced  when 
PCI5  acts  uix)n  fumaric  acid  (B.  18,  1947).  Bromine  converts  it  into  dibromsuccinyl 
chloride  (A.  Suppl.  2,  86),  and  with  sodium  peroxide  (hydrate)  it  yields  Fumaric 
Peroxide^  C^H.^O^,  a  white  fwwder,  ex]>loding  at  80°  (B.  29,  1726). 

Fumaramic  Add,  CONH.^ .  CH  :  CH  .  CO.H,  melts  at  217°.  It  is  formed  when 
aspara^ine  is  acted  upon  with  methyl  iodide  and  caustic  potash  (A.  259,  137). 

Fumaramide,  COXHXH  —-  CII .  CONH..,  melts  at  266<>  (B.  25,  643). 

///wr7r/4v*/r^c;V/^  NIIj.  NH.CO.CHrCH.CO.NH.NH,,  melts  with  de- 
composi.  ion  at  220°.  Fumarazide  is  crystalline.  It  explodes  easily,  and  when  boiled 
with  alcohol  yields  Fumarethyl  urethane  (B.  29,  K.  231]. 


Maleic  Acid,  C.H.O,,  melting  at  130",  boils  at  160°  with  decom- 
position iino  nialeic  aniiydride  and  water.  lis  anhydride  is  formed  as 
mentioned  under  furaaric  acid  ; 

(i)  By  the  rapid  heating  of  malic  acid. 

(2)  In  the  slow  distillation  of  monochlor-  and  monobromsuccinic 
acid,  as  well  as  acetyl  malic  anhydride  at  ihe  ordinary  pressure, 

(3)  By  the  action  of  PCljUpon  malic  acid  (A,  280,  ii5). 

(4)  MaleTc  acid  is  formed  synthetically,  in  small  amount,  when 
silver  or  sodium  acts  ujion  dichloracetic  acid  and  dichloracettc  ester. 

(5)  Maleic  acid  is  obtained  on  decomposing  irichlorphei 
acid  or  ^-trichloraceloacrylic  acid  (p.  381)  with  baryta 
Chloroform  is  produced  at  the  si 

(6)  From  fumaric  acid  (see  transformations  of  fumaric  ani  maleTc 
acids). 

Maleic  acid  crystallizes  in  large  prisms  or  platen,  is  very  easily 
soluble  in  cold  water,  and  possesses  a  peculiar,  disagreeable  taste. 

Salts. — C,H,0,.4g,  is  a  finely  divided  precipitate.  It  gradually 
changes  to  large  crystals.  CjHjO.Ba  -(-  laq  is  soluble  in  hot  water, 
and  crystallizes  well. 

The  estirs  result  from  the  action  of  alkyl  iodides  upon  the  silver 
salt: 

The  mttkyi  nftr,  C,H,(CO, .  CH,),,  is  a  liquid,  and  boiU  at  205°,  The  tikyttster 
boils  at  225°.     When  healed  with  iodine  Ihey  change  for  Ihe  most  pan  into  fumaric 

CHCO 
Maleic  Anhydride,  11         >o,  melting  at  53"  and  boiling  at  aoa°, 

is  produced  ( 0  bv  distilling  maleTc  or  fumaric  acid  alone,  or  more 
readily  (2)  with  acetyl  chloride;  (3)  by  the  distillation  of  mono- 
chlor- and  monobromsuccinic  acids,  and  also  of  aceto-malic  an- 
hydride (A.  254,  155);  (4)  when  PCli.  P,Oi  and  POCl,  act  upon 
fumaric  acid  (A.  a68,  255).  It  is  purified  by  crysiallizaiion  from 
chloroform  (B.  12,  3281  ;  14,  t^ifi').  It  consists  of  needles  nr  prisms, 
having  a  faintly  penetrating  odor.  It  regenerates  maleic  acid  by  union 
with  water,  and  forms  isodibromsuccinic  anhydride  when  heated  with 
bromine. 

hfal^i  CkleriJe  (B.  18.  1947). 


CH  .  CONH, 

/NH, 
CH.C^It 

«    II         ^0 

mi^AciJ,  II 

salt  (bmu  when  arnmnni 

acts  upon  maid 
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converts  the  acid  into  malelc  acid,  whereas  famaric  add  results  when  it  is  treated 

with  alcoholic  potash.     MaMnmethylamic  Acid  mjtXXs  at  149°  (B.  29,  653). 

>NHC.H. 

CH  .  CO  .  NH  .  C,Hj        CHC^H 

Maldnanilic  Acid,   ||  or    11        ^O         (?),  meltinfir  at   187- 

CH .  COOH  CHC^ 

187.5°,  is  formed  when  aniline  acts  upon  an  ethereal  solution  of  tnalefc  anhydride. 

Heated  under  greatly  reduced  pressure  it  splits  into  malelc  anhydride  and  aniline, 

which  reunite  in  the  receiver  to  malelnanilic  acid.    Alcoholic  potash  and  baryta  water 

convert  it  into  fumaric  acid  (A.  259,  1 37). 

CHCO. 

Ma/rJnaniJy  \\  ^NC^II.,  melting  at  90-91°,  results  upon   heating  aniline 

CHCO^ 

malate.     It  consists  of  bright  yellow  needles.     It  combines  readily  with  aniline, 

forming  phenylasparaginanil  (A.  239,  154),  melting  at  210-211°. 

MaleinhyJrazitif,   CO,H  .  CH:  CH  .  CO,N,Hj.      See  also  dimethylketazine,  p. 

220. 

CH.C^N.NH, 

AmiJomaldnimidey   \\  >-0        ,  melting  at  III®,  is  obtained  from  malelc 

CH .  CO 

anhydride  and  hydrazine  hydrate  in  alcohol.     When  its  solution  is  heated  it  changes 

C'H.CO.NII 

\o  MaUhihvdrazide,   I  I      ,  consisting  of  little,  white  crystals,  which  do  not 

CII.CO.NII  K  »  7        » 

melt  at  250".     It  is  a  strong  acid. 


BEHAVIOR  OF  FUMARIC  AND  MALEIC  ACIDS. 

1.  Acetylene    is    formed    when   the  alkali  salts  of  these  acids  are  electrolyzed 
(p.  96). 

2.  Sodium  amnlgam,  or  zinc,  reduces  them  both  to  succinic  acid. 

3.  When  heated  to  100°  with  caustic  soda  both  acids  change  to  inactive  malic  acid 
{\.  269.  76). 

4.  r\unaric  and  maleic  esters  react  with  sodium  alcoholates  to  form  alkylic  oxy- 
succinic  aci<ls  ( H.  18,  R.  536). 

5.  Bromine  converts : 

Fumaric  acid  into  dibromsuccinic  acid. 
Fumaric  ester            "  '*         "  ester. 

Fumaryl  chloride      '*  "      succinyl  chloride. 

Malelc  anhydride      "  isodibromsuccinic  anhydride. 

6.  Potassium  permanganate  changes  (B.  14,  713) : 

Fumaric  acid  into  racemic  acid. 

Malelc      "  "     mesotartaric  acid. 


CONVERSION  OF  FUMARIC  AND  MALEIC  ACIDS  INTO  EACH  OTHER. 

1.  When  fumaric  acid  is  heated,  or  treated  with  PCI5,  POClj  and  PjOj  (A.  268, 
255  ;   273,  31)  it  becomes  malelc  anhydride. 

2.  Malelc  ackl  changes  to  fumaric  acid  : 

(//)   When  it  is  heated  alone  in  a  sealed  tube  to  200°  (B.  27, 1365). 
\b\  By  the  action  of  cold  IICl,  HBr,  HI  and  other  acids;  SO,  and  H,S  (B.  24, 
R.  S23),  as  well  as  by  the  action  of  bromine  in  sunlight  (B.  29,  R.  1080). 
(<•)  On  heating  maleic  ester  with  iodine  fumaric  esters  result. 
{d)  Alcoholic  potash  changes  malcinamic  and  malelnanilic  acids  to  fumaric  acid. 
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THB  ISOMERISM  OP  FUMARIC  AND  MALEIC  ACIDS. 

The  view  generally  accepted  as  to  the  cause  of  the  isomerism  of  these 
two  acids  was  presented  in  the  introduction,  under  the  section  relating 
to  the  geometrical  isomerism,  the  stereoisomerism  of  the  ethylene 
derivatives  (p.  49).  In  conformity  with  this  representation  we  find 
in  maleic  acid,  readily  forming  an  anhydride,  an  atomic  grouping, 
which  follows  the  plane-symmetric  configuration,  according  to  which 
the  carboxyl  groups  are  so  closely  arranged  with  reference  to  each 
other  that  the  production  of  an  anhydride  follows  without  difficulty. 
Fumaric  acid  is  not  capable  of  forming  an  anhydride,  hence  it  has 
the  central  or  axial  symmetric  structure. 

These  space- formulas  satisfactorily  represent  the  intimate  connection 
existing,  as  shown  by  Kekul6  and  Anschiitz,  between  fumaric  and 
racemic  acids,  and  maleic  and  inactive  tartaric  acids.  According  to 
the  van  t'Hoff-I^  Bel  view  of  these  four  acids,  the  oxidation  of 
fumaric  to  racemic  acid  by  means  of  potassium  permanganate  and 
maleic  to  mesotartaric  acid,  may  be  shown  by  the  following  formulas, 
which  have  a  spacial  significance  (compare  p.  49)  : 


CO,H  CO^H 

2.  **       7      ^"'       -f  2O  -f  2Ufi  =  7      ^"      -f 


H— C-CO-H  H— *(!:~0H  HO— *C— H 

I,  -f20-f2H,0=  I  -f  I 

CO,H— C— H  HO— *C— H  H-*C— OH 


I  I 

CO^H  CO,H 

Fumaric  Acid  Dexlro-tartaric  Acid     +     Laevo-tartaric 

Acid  =  Racemic  Acid. 

CO.H 
I 
H— C— CO.H  H— »C— OH 

„  *        -h  O  +  H,0  =  I 

H— C— CO,H  H— *C~OH 

CO,H 
MalSic  Acid  Mesotartaric  Acid. 

The  oxidation  of  the  two  acids,  based  on  stereochemical  formulas, 
is  so  represented  that  upon  severing  the  double  linkage  in  fumaric 
acid  by  the  addition  of  hydroxyl  groups  an  equal  number  of  mole- 
cules of  dextro-  and  laevo-tartaric  acid  results,  while  by  the  rupture 
of  the  double  linkage  in  maleic  acid  only  mesotartaric  acid  is  formed. 

Cognizant  of  this  view,  J.  Wislicenus  has  sought  to  explain  the  conversion  of 
maleic  into  fumaric  acid  by  hydrochloric  acid  in  the  following  manner :  In  these 
two  acids  the  two  doubly-linked  carbon  atoms  cannot  rotate  independently  of  each 
other,  consequently  not  in  opposite  directions,  but  when  the  double  union  is  removed 
by  the  addition  of  two  univalent  atoms,  then  free  rotation  is  restored.  Accordingly, 
J.  Wislicenus  explains  the  conversion  of  maleic  acid  by  means  of  hydrochloric  acid 
into  fumaric  acid  as  follows:  Considering  the  extreme  ease  with  which  maleic  acid, 
in  contrast  to  fumaric  acid,  lends  itself  to  the  formation  of  addition  products  (B.  12, 
2282),  it  first  absorbs  the  elements  of  the  mineral  acids  (e.  ^.,  HCl),  and  becomes  a 
substituted  succiDic  acid,  which,  under  the  directing  influence  of  the  greater  affinities, 
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assumes  the  preferred  configuration  (in  which  similar  groups  are  as  fully  removed 
from  each  other  as  possible)  by  the  rotation  of  the  one  system  in  opposition  to  the 
other,  and  now  in  consequence  of  the  influence  conditioned  by  the  splitting-oflf  of 
hydrochloric  acid,  due  in  part  to  the  water  present,  and  in  part  to  the  sparing  sola- 
bility  of  fumaric  acid,  changes  to  this  acid. 

HClCOjH  a  CO,H  H 

H— C— CO.H  C  C  H— C— CO,H 

HHCO,II  H  H  CO,H 

Maleic  Acid  Monochlorsucclnic  Acid  Fumaric  Acid. 

previous  to  after  rotation 

rotation 

in  the  preferred  position 

However,  the  intermediate  product,  monochlorsuccinic  acid,  is  known  in  the  free 
condition,  that  is,  in  the  preferred  configuration.  It  is  stable  toward  hydrochloric 
acid  at  10°,  and  its  anhydride  unites  with  water  to  the  original  acid,  instead  of  yield- 
ing fumaric  acid,  although  in  so  doing  the  monochlorsuccinic  acid,  as  predicted  by 
J.  Wislicenus.  in  the  conversion  of  maleic  into  fumaric  acid  would  change,  throogh 
rotation,  from  the  less  favorable  to  the  preferred  configuration  (Anschtttx,  A.  254, 
i()8).  This  is  by  no  means  the  only  fact  with  which  the  preceding  explanation  of 
the  mechanism  of  the  reactions  showing  the  conversion  of  fumaric  into  maletc  acid, 
and  vice  versA,  clashes  (compare  B.  20,  3306;  24,  R.  822;  24,  3620;  25,  R.  418; 
26,  R.  177;   A.  259,  I  ;  280,  226). 

In  the  introduction  to  the  unsaturated  dicarboxylic  acids  it  was  shown  that  at  least 
some  of  these  acids  could  only  exist  in  the  anhydride  form,  as  their  hydrate  forms 
broke  down  in  the  moment  of  their  lil)eration  from  salts  into  anhydrides  and  water. 
riiese  acids  are  intimately  related  to  maleic  acid ;  they  are  the  dialkylic  maleic 
acids.  The  monoalkylic  acids  are  still  capable  of  existing  in  hydrate  form,  although 
they  change  more  easily  than  maleic  acid  to  their  anhydrides.  Considering  the 
analc>}^y  with  carbonic  acid,  the  salts  of  the  dialkylic  maleic  acids  may  be  viewed  as 
derivatives  of  a  hypothetical  acid  hydrate,  in  which  the  two  hydroxyl  groups  are 
attached  to  the  same  carbon  atom,  and  this  view  may  be  considered  to  prevail  with 
maleic  acid  and  with  the  monoalkylic  maleic  acids,  so  .similar  to  the  dialkylic 
maleic  acids.  The  assumption  that  fumaric  acid  is  symmetrical  ethylene  dicarboxylic 
arid  and  mnlelc  acid  the  >  -dioxylactone  corresponding  to  this  dicarboxylic  acid  in  no 
wise  renders  a  stereochemical  formulation  of  the  two  acids  impossible.  Probably  the 
stereochemical,  different  arrangement  and  the  different  position,  in  the  chemical  struc- 
ture, of  the  atoms  contained  in  both  acids  mutually  influence  each  other  (A.  254, 
168): 

.OH 

H.C.COOH  H.C.C— OH 

!l  II     >0 

CO.^11.  C.ll  H.C.CO 

Fumaric  Acid  Maleic  Acid. 

However,  even  this  view,  as  yet,  docs  not  afford  a  satisfactory  explanation  of  the 
reactions  by  which  these  acids  are  converted  into  each  other.  Consult  A.  239,  161, 
for  the  history  of  the  isomerism  of  fumaric  and  maleic  acids. 

The  various  ideas  as  to  the  cause  of  the  isomerism  of  fumaric  and  maleic  acids  are 
connected  with  the  question  as  to  the  nature  of  the  double  linkage  (p.  51)* 

Finally,  attention  may  be  directed  to  the  difference  in  the  heat  of  combustion  of 
the  acids.  This  would  indicate  that  the  energy  present  in  the  acids,  in  the  form  of 
atomic  motion,  is  markedly  different.     *'This  fact  suggests  the  possibility  that  the 
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cauK  of  the  isomcri^iD  is  not  lo  be  soiigbl  eiclusively 
the  aloma,  not  in  Ibeir  dilTeienl  spncinl  pavilions,  but  It 
varying  mogniluJe  of  the  motion  ut  the  iLtom:i  (ornlDni  cumplexes)."  Il  ia  also  pos- 
sible to  imngine  a  case  in  which  the  isomerism  would  only  br  influenced  by  the  differ- 
ence in  energy  content— b  case  in  which  there  might  tie  |)erfecl  limilarily  in  linkage 
and  also  in  (he  spnciat  orrangemenl  of  the  atoms, " 

In  addition  lo  structural  and  spacial  isomerism,  we  would  have  the  hypothesis  nf 
an  mergy  or  dynamical  uoiiimim  (Tanatar,  A.  373,  54;  B.  11,  10171  ag.  I30O), 
which  would  vastly  more  deserve  this  name  than  the  views  In  which  atlenlion  hu    , 
been  drawn  in  connection  with  the  sym.  dialkylic  succinic  adds  (p.  444}. 

Il  is  by  DO  means  established  that  fumaric  acid  is  not  a  polymeric  modificatioa 
of  maleic  acid.  That  their  vapor  densities  are  (he  same  proves  nothing  on  this 
point,  inasmuch  as  the  vapor  densities  of  racemic  and  tartaric  esters  are  identical,  and 
yet  the  molecule  of  solid  racemic  acid  consists  of  a  motecnie  each  of  deitro-  and 
Ixvotarlaric  acid-  The  same  remarks  ore  true  in  r^ord  to  the  results  obtained  by 
the  freezing-point  depressions. 
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MoHOchlor/umaric  Acid,  C.HjCIO,,  melting  at  192°,  results  (i)  from 
tartaric  add  and  PClj  or  PCI, ;  (2)  from  the  two  dichlorsucciDic  acids ; 
(3)  from  acetylene  dicarboxylic  acid  and  fuming  nitric  acid.  Mono- 
clilemialete  Add me\v&  at  106";  its  anhydride  melts  at  0°  and  34°,  and 
boils  at  197°  (760  mm.),  95"  (25  mm.).  It  is  prodticed  when  acetyl  1 
chloride  acts  upon  chlorfumaric  acid,  and  when  Jsodichlorsuccinic  | 
anhydride  is  heated  (A.  280,  223). 

Brom-tnaleic  Acid,  C,H,BrO,,  is  produced  by  boiling  dibrom succinic  acid  with 
rater.  It  melts  at  llS".  Its  anhydriJe,  bailing  al  215°,  results  when  isodibrom- 
uccinic  anhydride  is  heated  alone,  or  by  the  action  of  acetic  anhydride  on  dihrom- 
uccinic  acid.  HBr  converts  it  into  dibromsuccinic  acid  and  bramrumaric  acid. 
Bram-furnaric  Acid,  C,H,IirO,,  is  formed  by  boiling  isodibrom succinic  acid,  or  by 
the  addition  of  HBr  to  acetylene  dicarboxylic  acid,     ttmeltsat  179°. 

When  healed  alone,  or  upon  boiling  with  acetyl  chloride,  both  acids  yield  hrom- 
maletc  anhydride.     MenoialofumarU  Add  meMs  at  182-184"  (B.  15,  2697), 

DUklofmaMc  Add,  C,Cl,ll,Oj,  results  when  bexachlor-pdikelo-R-hexene, 
C0<^=^(5j'>C0,  and  perchloracelylacrylic  acid,  CCl.CO .  CCl  =  CCl .  CO,H 
(p.  382},  are  decomposed  by  caustic  soda  {A.  3G7,  30:  6.15,2230),  On  (he  applica- 
linD  of  heat  it  passes  into  the  ankydridt,  C,C!,(C'0),0,  melting  at  lao".  PCIj  con-  1 
acinic  chloride  into  two  isomeric  dirAlarmalclt  ihhridei  (B.  18,  R.  184). 
CCl.CO 
Its  imide,   \\  >NH,    is    obtained    when    succinitnide    is    heated    i 

CO.  CO 

it  of  chlorine.     It  melts  at  179°,     One  molecule  of  PCI.  changes  the  imide  to 
CCl-CCl, 
dicAlortHolttn  imidt-chloridf,   \\  >NH,  melting  at   147-148° ;   this  combines   \ 

CCl— CO  ' 

CC1.C  =  N.C,H5 

with  aaWmcKodUklBTnialdnimidt-anil.    II  '>NH  ,   melting  at  151-1520. 

CCl .  CO 
-t  dichlormalein-imide  ii 


iiiletn  anil  chloride  is  boiled  with  glac 
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Diihlormaldn  anil  chloridf,  mt\i\iig  at  1 21- 1 24^  boiling  at  179^  iii  1 

cci  =  ca 

pnxliiccil,  U}|;fl her  with  tetrachlor-v-phenyl  pyrr^^    1  /^^-^^^-^^S' 

At  i>;°.  (Ill  treating;  buccinanil  with  \X\^.     By  reduction  it  rields  d-anilido  1 


bitarii  (see  succininiide,  p.  448).     Alcohols  convert  it  into  dialkylic 

ma UUi  tinil  dimethyl  ister,  melting  at  110^;  while  with  aniline  it  yields  t 

maUhtdianil^  melting  at  186-187^  (A.  295,  27)  : 


CM,.  CO 

CI!,.  CO 

Siiccinanil 

CCI     CCI 

I  .N,C.II, 

cc:i    cc:i 

n-l'heiiylU'traciilurpyrrol 


4PCI1  CCI .  CCI, 
>-      II  >NC,H, 

ca.co 

Dichlormaleinanil 
Chloride 

CCl.C(OCH,), 
\\         >NC,H» 

ca.co 

Dichlormaleinanil 
Dimethyl  Etter 


loH 


CH-^CH- 

■>  I  >N 

CHg-CO 
T-Anilidobc 


ca .  C=N< 

II  >N< 

ca.co 

Dichlomald 


Dibrom-maleTc  Acid,  C2nr,(C02H),,is  obtained  bj  acting  on  succinic  ac 
Itr,  or  l»y  (he  oxidation  of  mucobromic  acid  with  bromine  water,  silver  oxide  o 
acid.  I(  is  vrry  rtradily  soluble,  melts  at  120^^125^,  and  readilyfonns  the  ank 
CyMr,((  (  n/),  which  luclls  at  115^  (B.  13,  736).  Cklorbrom-maleU  Acid^  see 
K.   I.Sh. 

Dihtom  fiimarit  Acid^  melting  at  219-222^,  and  Di-iodofumaric acid^  deooa 
at  i()2  ',  air  (he  ud<iitive  products  of  bromine  and  iodine  with  acetylene  dicari 
nciil  (is.  12,  2213;  24,  4118). 

Acids,  <\HoO,     .(';;H4((X)JI)j. — Eight  dicarboxylic  acids,  h 

llii^  iuMiMilii,  :Lr(.:  known.  There  are  four  unsaturated  acids  isoi 
with  cilinlriH-  inaltjhic  ari<l  tlcscribed  on  p.  457:  (i)  Mesaconic 
(  .» I  ("ilrttnffiii  tiih/f  (jtt)  Itaconic  acit/,  (4)  Glutaconic  acid^  and 
triini'tliN  Icnc  dicarhuxvlic  acids.  Mesaconic  and  citraconicacidi 
tlic  ^;Miir  ulaiion  tu  each  other  as  fuinaric  to malcic acid.  They 
siinil.ii  roiiver.iions  of  one  into  the  other.  These,  however,  occi 
rciulily  ilian  in  the  case  of  the  latter  acids  (H.  29,  R.  412).  TI 
trodiK  li'iri  of  the  nu.thyl  K^'^'M*  increases  the  tendency  of  citra 
acid  verv  r-msiderahlv  to  break  down  into  its  anhvdride  and  ^ 
This  tak(>»  j)!;n  e  at  100°  under  diminished  pressure  (compare  cl 
hvdrale;.  Mesaconic  acid  is  more  easily  changed  by  acetyl  chl 
to  cit? actinic  anhvdride  than  fumaric  acid  to  maleic  anhvc 
Furthermore,  nialeTc  anhydride  combines  more  readily,  and  thei 
more  ra[)idly.  witli  water  than  ciiraconic  anhydride. 

f  II  Mesaconic  Acid,  Methyl  Fuiinric  Acid.  Oxytetrinic  Acid,  C,H|(CO, 
prci tilled  by  licatinfr  <  itra-  and  iiao)nic  arid  with  a  liulo  water  to  200*^  and  by^ 
ratin;;  citraconic  aciil  widi  dilute  iiitiic  acid.  cone,  haloid  aeids,  or  with  concei 
.soiliiim  hydrate  (H.  269.  S2 ;  1>.  29,4121  (<'ompareri-  and  /3-methyl  malic  a 
492)  and  tV'Mn  dibroiniii-thy}  acet«ia<elic  acid  fp.  37S1  B rom mesaconic  Acid n 
2.2QP  (13.  27,  1851,  2130).      It  dissolves  with  ditBculty  in  water  and  melts  at  2i 

(2)  Citraconic  Acid,  methyl  maleTc  acid,  melting  at  80°  and  easily  soluble  in 
is  obtained  from  its  anhvdride  by  heating  the  latter  with  water.     Citraconic  i 

ClIj.CCO 
dride,  ,  O,  melting  at  7^  and  boiling  at  213-214°,  is  also  formed  b 

IICCO 


I 


I 


■    AND   ITACOMIC   ACIDS. 


ing  ibe  acid  and  me&BConic  aciil,  or  on  (realicg  tbem  with  acetyl  chloride,  and  ii 
obtained  by  the  rcpemed  dislillation  of  the  di&tilliite  resulling  from  citric  add,  due, 
protably,  to  a  tc arrangement  of  ihe  iiaconic  anhydride  produced  al  firs). 

When  boiled  witli  a  return  condensei,  il  is  changed  in  part  (o  xcronic  add  Or  di- 
elhylmalelc  antijdride,  p.  406.     Bi-omdlraconic  AnhyilriJt  melts  al  99°  (B.  17, 

Hydrogen  concerts  citra'  and  mesaconic  acids  nnio  pyrotartaric  acid  (p.  444). 
Their  haloid  acid  and  halogen  addition  pn>ducts  have  been  described  as  halogen  sub- 
Uilution  products  of  pjToinrtAric  acid  (p.  451)-  Allylmt,  CH,C^CH,  results  in 
the  eleclrolyus  of  both  adds. 

Gtratonanilii  Acid  melts  at  153°  (A.  a54,  135). 

Gt/ntifOHiiniV  melts  at  98°  (B.  13,  29791  34,  314). 

CH,  =  C CO,H 

(3)  Itaconic  Act:!,   methyleoe  succmic   acid,  (!■«— COH   '   ""'"°8  " 

161",  is  formed  by  the  uoion  of  its  anhydride  with  water,  or  when  citmconic  anhy- 
dride is  heated  with  3-4  parts  of  nratei  to  ISO".  Hydrogen  causes  il  lu  revert  to 
pyrotartaric  acid,  and  wlien  electrolyied  yields  sym.  allylene  or  allene,  CH,  = 
C  =  CH,  <p.  99).  It  forms  pstadvitacenamtii  ari4,  the  lactam  of  j-anilidopyro- 
tartaric  acid  (p.  492)  (A.  a^,  129),  when  It  is  boiled  vith  aniline.  For  the  addition 
of  HBr  and  Br,  see  p.  451.  The  ilneenie  tsltrs  readily  polymeriie  to  vitrtous 
modifiralions,  having  high  refiacliyc  power  (B.  14,  2787 ;  A.  248,  203). 
CH,  i=C CO 

Itacmic  Anhydride,  1  ^O,  melting  at  6S°  and  boiling  at  139- 

140°  (30  mm.),  is  probably  the  first  decomposition  producl  of  aconilic  acid,  resulting 
from  heating  ciliic  acid.  The  name  aconilic  acid  gives  rise  to  the  name  itaconic  acid 
by  syllable  exchange.  Il  has  been  obtained  from  its  hydrate  (B.  13.  1539),  and  from 
the  silver  salt  by  the  action  of  acetyl  chloride  (B,  13,  1844).  It  has  also  been  de- 
lected in  the  products  formed  in  the  distillation  of  citric  acid  (B.  13,  1541).  It 
crystallizes  from  chloroform  in  rhombic  prisms,  melts  al  6S°,  and  distils  analtered 
under  diminished  pressure,  but  at  ordinary  pre^urcs  changes  to  citraconic  anhydride. 
It  combines  with  water  more  readily  than  the  latter,  llaienanitii  Acid  melts  at 
151.5"  (A.  as4,  140). 

Hofnologuea  of  Mesa',  Citra-  and  Itaconic  Acids. 

Before  discussing  glutaconic  acid,  ihe  homologoes  of  mesa-,  citra  ,  and  itaconic 
acids  will  be  presenteil  The  homologues  of  citraconic  acid  are  produced  when 
alkylic  pamcontc  acids — the  condensation  products  resulting  from  aldehydes  and  suc- 
cinic acid,  or  pyrotartaric  acid  (p.  492)— are  heated  alone  (A.  155.  i  ;  283,  47V 
The  monoalkylic  maleic  acids  have  yielded  the  homologues  of  mesaconic  acid. 
HevxBtr,  Iht  dialkylic  maleic  acids  only  txisi  at  anhydridtj  in  Iht  free  ilalt,  hit  can 
$r  converted,  by  boiling  ■wilh  cBncenlraleii  louilic  soda,  into  the  comifinnding  dialtylic 
fittnarit  acids  ( B.  29,  1842).  The  conTersion  of  certain  itaconic  acids  into  isomeric 
utieonic  acids  with  caustic  alkali  is  very  remarkable.  They  seem  to  bear  ihe  same 
relation  to  each  other  that  has  been  observed  with  fumaric  and  maleic  acids.  The 
products  of  the  action  of  alcoholic  potash  upon  the  dibrom- derivatives  of  the  mono- 
alkytic  acetoacetic  esters  have  been  recognized  as  alkyl  fumaric  acids;  thus,  oxytelrinic 
acid  is  mesaconic  acid,  oiypenlinic  acid  is  ethyl  fumaric  acid,  etc.  {p.  379).  Funhrr- 
more.  monoalkyllc  fumaric  acids  have  been  obtained  from  monoalkylic  elliane  tricar- 
bo>ylic  acids  by  the  elimination  of  halt^en  hydride  and  CO,  after  the  halogens  have 
been  introduced  (B.  24,  200S), 


L 


Manoaliylii  Fumaric  and iSaletc  Acids : 
M.P. 

Ethy!  Fumaric  Acid, 
n-Propyl  Fumaric  Acid, 
Isopropyl  Funinric  Acid, 
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R^  c .  CO. 

Dialkylic  Malelc  Anhydrides :         \:  ^O. 

R'.  C .  CC^ 

(1)  DimethylmaUh  AnhvdriJe^  Pyrodnchonic  Anhydride,  melts  at  96^  and  boilj 
at  iii"". 

(2)  Methylfthylmaleii-  Anhydride  is  a  liquid  boiling  at  236-237®. 

(3)  DiethylmaUh-  Anhydride^  Xeronic  Anhydride,  is  a  liquid  boiling  at  242®. 
Compouiuis  I  and  2  were  obtained  by  heating  the  condensation  product  of  succinic 

(or  pyrotartaric)  acid  and  pyroracemic  acid  to  130-14O®  with  acetic  anhydride  unti] 
the  evolution  of  CO,  ceasedi  (A.  267,  204).  Xeronic  anhydride  results  when  citrm- 
conic  anhydride  is  heated  with  a  return  cooler.  The  three  anhydrides  are  volatile  in 
stenm ;  thtry  <lo  not  combine  with  water.  l*heir  hydrates  cannot  exist.  They,  how- 
ever,  form  salts  and  esters  (!>ee  p.  456). 

Dimethyl  Ma /eh  Anhydride^  or  Pyrocinchonic  Anhydride,  is  obtained  by  oxidizing 
tur(x.'ntine  oil  (together  with  terebic  acid)  with  nitric  acid ;  also  by  heating  cincbonic 
acid : 

CH,.  CUiCC  ),I1) .  CM  .CO,H  CH, . C =^C .  CH, 

('()-()  CH,  ~  CO      O — CO  +^^ 

Ciiiclioiiic  Acid  PyrocinchoDic  Anbjrdnde. 

niiil  by  licating  a-dichlor-,  or  dibrom-i>ropionic  acid  with  reduced  silver  (B.  18,  826, 
'^35)-  I(^  n'jucous  solution  has  a  ver>'  acid  reaction  and  decomposes  alkaline  car- 
lionntes.  Its  solutii>iis  acquire  a  dark-red  color  on  the  addition  of  ferric  chloride. 
It  is  reduced  to  2-diincthyI  succinic  acids  (p.  447).  and  with  chlorine  unites  to 
dimethyl  dichlitr  suninic  anhydride  (B.  a6,  K.  190).  Pyrocinchonic  acid,  boiled 
with  a  20  iMT  rtMil.  ><kliiini  hydrate  solution,  yields  dimethyl  fumaric  arid  or  methyl- 
/'iruiroftii  aiiJy  melting  at  240®,  and  amethylitaconic  tft'ii/,  melting  at  1 50®  (B.  29, 
1X421. 

Mon<<alk\lir  and  dialkylic  itaconic  acids  result  from  the  action  of  sodium  or 
><.Mliuni  tMhyl.jtr  ( A.  256,  50)  up(»n  ilic  corresponding  paraconic  esters  (p.  402).  Thus, 
ttTrbic  I  >t(T  or  )  dinifthyl  (mraconic  ester  with  sodium  or  sodium  ethylate  yields 
tcraconic  arid  or  ;  -diniclliylitaconic  acid  : 

,^JI'     C— Cll-Cn,  -^  Na  ---  J:{}s  .  C  =  C  — CO.C.Hj  -f  H 

0  CO  CII,.CO,Na 

Tcrehic  Kstcr  Sodium  Teracoiiclhyl  Ester. 

Tli«\vare  also  pr<Mliu:cd  wlirn  the  mono  alkylic  citniconic  acids  are  heated  to  140°- 
l^if'  with  walrr  i  15.  25,  R.  loi ;  .\.  256,  yo). 

CH3.CH==C— co,n 

)-McfiiVi'itijttmir  Aiid^  Kihidenc  Succinic  Acid,  1  ,  melts  at 

'  ClL.COjH 

165-166°.     n-MethytittJi\>ttii-  Acid  melts  at  150°  (see  pyrocinchonic  acid).     £ihvl- 

itiuouix  .'/'/Ymrhs  at  164-165°.     \\-Pjo/»y/it,uotn\-  .-/cfi/ melts  at  159°.     IsobutylUa- 

ionii  ,/. /«/mcllsat  160-165°. 

Teraconic  Acid,  j-Dimothylilaconic  Acid,  (CII,.)jC:C  :  ^.,.-    ro  H'    **    P'^' 

duced  in  small  ipiantity  (toj^ether  with  pyrotirfbic  acid)  (sec  this)  in  the  distillation  of 
It  rcl'ir  acid  and  liy  th<'  condcn-atitm  (^f  succinic  ester  and  acetone  with  sodium  ethyl> 
ate  (1*1.  27,  II22K  It  mcli^  at  162°,  deconip<»sinR  at  the  same  time  into  water  and 
its  anhydritU*.  C.II.O3.  The  latter  I>oils  near  275°.  Hydro])romic  acid  or  heat  and 
sulphuric  arid  cau•^c  it  Ui  chanjjre  to  isomi-ric  tcreliic  acicl  (A.  226,  363). 

■)- Methyl ethyl-itiuouic  //.■///' mt- Its  at  165°  (.A.  282,  2S3). 

Dimcthylitaconii  Arid^  melting  alxmt  140°,  is  isomeric  with  teraconic  acid,  to 
which  it  s<:rm>  to  sustain  the  same  relation  as  citraconic  acid  to  mesaconic  acid.      It 
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results  on   boiling  lemconic   jtciii  uilh   caualic  soda  (Fillig,  B,  a6,  30S2),      MHkyt- 
tlhylilaconk  AddxtxVa  at  141**  |A.  a8i,  Z83). 

The  following  unutunited  dicarbo^yiic  acids  may  also  be  menlioaed  : 
GlutacoDicAcid.CH/^^'^j^j".  meliing  at  132=.  U  Isonierk  with  ila.- 
cilra,  and  mesoconic  acids,  and  cthidece  malonic  acid  \  it  arises  in  the  sapuDilicalion 
of  llie  dicnrboxyl  gtulaconic  enters  with  hydrocbloric  acid  (A.  133,  349).  It  has  also 
been  obtained  by  the  action  of  barium  hydrate  upon  coumalic  ci1eT(p,  496]  (A,  364, 
Jot).  Its  due  salt  separates  from.boiling  solulions.  The  ilhylisltr,  from  the  silver 
salt,  boils  at  237-238°.  llie  anhydride,  produced  by  heatmg  glutaconic  acid  and 
^-oiyglutBricBcid(Kekult),  or  by  treating  glutaconic  ncid  with  acetyl  chloride,  melts 
■iiJ2-S3°  (m.  p.  87°,  B.  37.3gi).  The  imi^f  melts  at  183-184°.  It  U  obtained  (1) 
from  glutaconamic  acid,  (z)  from  glutaconamide,  and  (3)  from  oxyglutaramide  upon 
healing  with  sulphuric  acid  to  I3i>-I40°.  Sodium  and  melhyl  iodide  convert  it  into 
glut  aeon  methyl  imide;  nitrous  acid  produces  an  KU  derivative;  distilled  over  linc 
dust  it  forms  pyridine,  and  when  treated  with  PClj.  ptnlachhrpyridmi,  QCljN  (see 
constitution  of  pyridine).  tMults. 

^■Chlorglulactmc  Acid  melts  at  195°;  it  is  formed  fnim  PCI,  and  acetone  dicar- 
boKylic  acid  (see  this)  ;  compare  g/ulimi  arid  (p.  46S).  TetroihlorglulacBnU  Add 
melts  at  109-110°  (B.  95,  2697).  Hemehguei  of  glularenie  aiid,  see  B.  33,  J179; 
B.  27.  R.  193. 


Hydron 


'llie  unstable  modilicntion  is  produced  by  the  reduction  of  dichlonnuconic  acic 
muconic  acid  (see  below),  and  diacelyiene  dicarboijlic  acid  (p.  468).  It  dissolve 
with  difficulty  in  cold  water),  potassium  permanganate  oxidizes  it  10  malonic  aciil 
It  changes  to  the  stable  variety  on  boiling  with  sodium  hydrate,  and  this  permanga 
nale  oxidizes  to  succinic  acid.  Sodium  amalgam  reduces  tbe  unstable  form,  after  it 
ble  variety,  into  adipic  acid  (p.  454). 
CH,:CH.CH,.CH.CO,n 

c!h,-co,h" 

I  ^mallyl  ethenyl  tricarboxylic  acid  by  the  elimination  of  CO,  (B.  16,  333).    AHyi- 
I  m/Hyl-  and  alfyUlhyt  aucinic  adds,  see  B.  25,  488, 

[        Iix'atii-alglularii    Add.     (CH,), .  CH  .  Cfl,.  CH  ^  C(CO,H)Cll,.  CH,.  CO,H, 
I  formed  together  with  di-isovaleral  glutaric  acid,  melts  at  75°. 


Allyl  Suifi 


•   melts  at  94°. 


s  fonned 


C.  DIOLEFINE  DICARBOXYLIC  ACIDS. 

DiaUylroalonic  Acid,  (CH,  =  CHCH,),C(CO,H),.  melts  at   133°,  and  with 
ClI, .  CH, .  CH, .  C .  CH, .  CH  .  ,CH, 

!   liydrobromic  acid   yields  a  dilaclune,    I  ^  I       .       It 

I  0 CO  CO -o 

I  breaUs  down  into  CO,  and  ilinUy  lace  tic  acid  when  heated  (p.  289). 
CH  =  CH.CO,H 
Muconic  Acid,   1  ,  is  formed  when  alcoholic  potash  act*  upon 

CH  ^  C  H  ,  COjTl 
I  the  dibromide  of  .^^--hydroinuconic  acid.     It  melts  at  260°.     Dii  htBrmutanit  Add. 
}  C,HjCI,0„  results  when   I'Cl,  ads  upon   mucic  mid  (B,  24.  R.  629).     It  yields 
1;  bydromuconic  add  with  sodium  amalgnm  (B.  33,  K,  332). 
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(CH,), .  CH .  CH, .  CH  :  C .  CCyi 

Di-isovaleralglutaric  Acid,  CH,      .meli 

(CH,), .  CH .  CH, .  CH .  <!: .  COjH 

at  220^,  and  is  obtained  from  glutaric  acid  and  isovaleraldehyde  wit 
acetic  anhydride,  sodium  ethylate  or  sodium  (A.  282,  357). 


D.  ACETYLENE-  AND  POLY  ACETYLENE  DICARBOXYLIC  ACIDS 

C .  COjH  -f  2H,0 

Acetylene  Dicarboxylic  Acid,  Ml  ,  is  obiaiiied  when  aqneoi 

C .  CO,H 
ur  alcoholic  potash  is  allowed  to  act  upon  dibrom*  and  isodibrom-succinic  acid  {i 
272,  127).  It  ctihiresces  oil  exposure.  The  anbydzDUS  acid  crystallizes  from  etk 
in  tiiick  plates,  ami  melts  with  decomposition  at  175°.  The  acid  unites  with  tl 
haloid  acids  tu  form  haloyt^i  fumaric  acids.  With  bromine  and  iodine  it  yiek 
dihulo^en  fumaric  acid:>  (p  463).  Its  esters  unite  with  bromine  and  form  dibroi 
malcic  esters  and  dihrom fumaric  esters  (U.  25,  R.  855).  With  water  they  yie 
ox:dacc?tic  csicT  ( 1(.  22,  2929).  They  combine  with  phenylhydrazine  and  hydirazin 
forming  the  same  pyrazolon  derivatives  as  oxalacetic  ester  (B.  26,  1719).  Ai 
with  diazobenzcnc  imide  they  form  phenyltriazole  dicarboxylic  ester  (B.  a6,  1 
5S5).  Oxalacetic  ester  and  acetylene  dicarboxylic  ester  are  condensed  by  alcoho 
{H^tash  to  aconitic  ester  (11.  24,  127).  See  acetoxymaleic  anhydride  (p.  495).  T 
primary /i'A/v\//^w  j////,  C.'^HK(\,  is  not  very  soluble  in  water,  and  when  heated  d 
rom])<)ses  intti  <  (>^  and  ix)tassium  i^ropiolate  (p.  287).  The  siher  salt  breaks  doi 
readily  into  i  '<  )^  and  silver  acctylide  (A.  272,  1 39V  The  diethyl  ester  ^  boiling  at  I4 
14S"  (15  nnn  ),  is  obtained  from  dihromsuccinic  ester  with  sodium  ethylate  (B.  3 
k.  /Of)).     See  also  thiopliene  tetracarboxylic  esters. 

C.IOJI 

Glutinic  Acid,  |||  ,  is  obtained  by  the  action  of  alcoholic  potash  ( 

(.:.cn,r(),ii 

20,  147)  upon  cl)lor^lutacoi)ic  acid  (p.  467).     It  melts  at  145-146^  with  evoluti^ 
of  carbon  dioxide. 

(_=c.c:o-ii 

Diacetylcne  Dicarboxylic  Acid,    1  -f-  ILO,  is  made  by  the  acti 

e:=C.C()JI  " 

of  potassium  ferricyanide  ujwn  the  copper  comixjund  of  propiidic  acid  (B.  z8,  67 

22^)o).     It  assumes  a  dark  red  color  on  exix)sure  to  light,  an<l  at  177**  explodes  wi 

a  loud   re|n)rt.     Sodium  amalgam  reduces  it  to  hydromuconic  acid,  then  to  adif 

aci<i  and  at  the  same  time  splits  it  up  into  j^ropionic  acid.     The  ethy!  ester  is  an  1 

I.MiiIin{<;  at  1X4°  (2(K)  mm.).     Zinc  and  hydrochloric  acid  decompose  it  and  yield  pr 

paigylic  ellivl  ether. 

C^C .  C=C .  CO,H 

Tetra-acetylene   Dicarboxylic  Acid,  |  Carbon   dioxi< 

(.=C.C=C.CO,II 

escapes  on  digei^ting  the  acid  sodium  salt  of  diacetylene  dicarboxylic  acid  with  wate 

ami  there  is  formed  the  so<lium  salt  of  diacetylene  monocarboxylic  acid,  CH=C 

C=C().^Na,  which  cannot  be  obtained  in  a  free  condition.     When  ferricyanide  \ 

l^otassiiim  acts  u|)on  the  cop{>er  compoun<l  of  this  acid,  tetra-acetylene  dicarboxyl 

aci<l  is  formed.     This  crystallizes  from  ether  in  l)eautiful  needles,  rapidly  darkenii 

on  exposure  to  light  and  explo<ling  violently  when  heated.     Consult  B.  z8,  2277,  f 

an  ex|)eriment  made  to  explain  the  explosibility  of  this  derivative. 
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V.     TRIHYDRIC    ALCOHOLS:       GLYCEROLS    AND 
THEIR  OXIDATION    PRODUCTS. 

The  trihydric  alcolnjls,  or  glycertils,  and  those  bodies  which  may  be 
regarded  as  oxidation  products  of  these,  attach  tlieniselves  to  the 
dihydric  alcohols  (glycols)  and  their  oxidation  products. 

The  glycerols  are  obtained  from  the  hydrocarbons  by  the  substitu- 
tion of  three  hydroxyl  groufs  for  three  hydrogen  atoms,  linked  to 
difTerent  carbon  atoms.  As  the  number  of  hydroxyl  grouy®  increases, 
the  number  of  theoretically  possible  classes  of  glycerols,  in  contrast  lo 
the  glycols,  also  becomes  greater.  These  trihydric  bodies  are  called 
glycerols  after  their  most  impoilant  representative.  The  number  of 
possible  classes  of  oxidation  products  also  grows  accordingly,  and  in 
the  case  of  the  trihydric  alcohols  that  number  is  now  ig.  How- 
ever, this  chapter  of  organic  chemistry  has  been  more  irregularly 
developed  than  that  pertaining  to  the  dihydric  derivatives,  and  it  may 
be  said  that  the  glycerols  serve,  even  to  a  less  degree  than  the  glycols, 
as  starting-out  material  for  the  preparation  of  the  various  classes  belong- 
ing here,  some  of  which  arc;  dioxymonocarboxylic  acids,  monoxy- 
dicarboxylic  acids,  dikctone-monocarboxylic  acids,  mono-ketonc- 
dicarboxylic  acids,  tricarboxylic  acids. 

Oxydialdehydes,  oxjrd  ike  tones,  trialdehydcs,  aldehyde  diketooet  and  triketones 
i  only  sliglilly,  if  at  all.  [Cpre^enled.     The  SHine  may  be  said  of  the  oxysldehyde 
Innu,  otyBldelirdii;  acids,  oxykelonic  acids,  aldebyde-cubox7lic  acids,  and  aide- 
hjde-keloDc-carboiylic  acids. 


1,  TRIHYDRIC  ALCOHOLS. 
Glycerol  stands  at  the  head  of  this  class,  although  it  is  not  a 
triprimary  alcohol,  but  rather  a  diprimary-secondary  alcohol.  The 
simplest  imaginable  triprimary  alcohol  would  have  the  formula 
CHCCH,OH),.  and  could  Iw  referred  to  trimethylmethane,  CH(CH,),. 
whereas  glycerol  is  derived  from  propane,  and  considering  the  struc- 
ture of  the  carbon  nucleus,  it  is  the  simplest  trihydric  alcohol. 

Although  it  may  appear  uoneceisary  to  dcTelop  all  the  possible  kinds  of  trihydric 
alcohoU  and  their  oiidalion  producU,  a%  was  done  wilh  the  glycols,  yet  the  oxidation 
products  theoretically  possible  from  glycerol  will  be  deduced.  By  entai^'ng  this 
scheme  we  really  construct  a  compatalive  review  of  the  osygcn  compounds,  obtainable 
from  methane,  elhane,  and  propane. 

It  is  also  possible  to  Inbulale  The  fomiulas  of  the  oxygen  derivatives  of  a  hydnv 
carbon  in  such  manner  lha[  the  hydrogen  atoms  may  be  regarded  as  replaced,  sle|>  by 
(tep,  by  hydroxyl  groups,  and  we  may  indicate  the  number  of  hydrogen  aloms  allaehed 
carbcm  atom,  which  have  been  replaced  by  hydroxyl  groups.* 


This  idea  originated  with  A.  v.  Baeyer. 
the  deduction  of  the  possible  bv<lroiyl  dei 
the  degree  of  oiidalion,  etc, 
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Thus,  in  compounds  containing  more  than  one  hydroxyl  attached  to  the  sa 
carl)on  atom,  numbers  are  employed  to  express  the  formulas  of  ortho-derivati« 
usually  only  stable  in  the  form  of  ethers.  Wlien  a  carbon  atom,  of  a  hydrocnrbon 
joined  to  hydrogen,  and  no  hydrogen  atoms  are  replaced  by  hydroxyl,  this  is  < 
pressed  by  a  zero  : 


o 


Cv 


I 

I 

OH 

li 

^H 


y 


Methane  =^  CH^  :  o 


/ 

\ 


II 

2 

OH 
OH 
H 
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III 

3 
.OH 

/on 

^H 


IV 

4 
OH 

OH 

-:;:  OH 

X)H 


/ 


oo 

ClI, 
CH, 


I 
lo 


CH.OH 


IT 

20 
II 

CH(OH), 

I 
CI  I, 

CHj.OH 


Ethane  ^=  CH, .  CH, :  oo 
III 


CH, 


OH 


30 
C(OH), 

CH, 

CH(OH), 

I 
CHjOH 


IV 
22 

31 
CH(OH), 

CH(OH^, 
C(OH), 

CH,OH 


V 
32 

C(OH), 

CH(OH), 


VI 
33 


C(OH), 

C(OH), 


•  t 


000 


I 
100 

010 


II 

200 
020 
no 

lOI 


Propane  =  CH3  .  CH, .  CH, :  000 

III 
300 


♦210 

*20I 
120 
III 


IV 
310 
301 
220 
♦202 
211 
121 


V 
320 
*302 

3" 

*22I 
♦212 


VI 

303 
321 

♦312 

♦222 


VII 

♦322 

3^3 


VllI 

323 


The  following  formulas  correspond  to  these  groups  of  numbers : 


II 


III 


000 
100 
010 

200 
020 
no 

lOI 

300 

*2IO 

*20I 

120 

III 


3 

CH, 


CHj.CHj.CH 

CII.OH.CH^ 

CH3.CHOH.CH3 

CH(()n)2.CH,.CH, 
Cn,C(OlI),CH3 

ch,(()H)ch.6h.ch3 

CHpH.CHj.Ciy)!! 

C(0H)3.CH,.CH5 
CH(OH)j.CH(OH)CHj 
CH(0H),CH,.  CHjOH 
CH,OH.C(OH).,CH, 

CiiOH.CH,()H 


CHjOH 


IV:     310     C(OII)3.CHOH.CH3 


301 
220 
♦202 
211 
121 


C(OH)3.CHj.  CH,OH 
CH(OH),  .C(OH)2.CH, 
CH(OHV,.CH,.CII(OH)2 
CH(()lI)j .  CH  .  OH  .  CH, .  OH 
CH,()H.C(OH),.CHjOH 


Propane 

n- Propyl  Alcohol 

Isopropyl  Alcohol 

Propionic  Aldehyde 
Acetone 

Propylene  Glycol 
Trimelhylene  Glycol 

Propionic  Acid 
Unknown 
Unknown 
Oxyacetone,  Ketol 
Glycerol 

Lactic  Acid 
Hydracrylic  Acid 
Pyroracemic  Aldehyde 
Unknown 
Glycerose 
Dioxy  acetone 


*  Unknown. 
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!     3ZO  C(OH),.C(OHl,.CH, 

■30a  C(OH),.CH,,CH(OH), 

311  ClOH), .  CHOH .  CHjOVl 

•221  CH(Ort),.C(OHl,.CH,   OiT 

*3ia  CH(OH),.CH(UH).CH(OH), 

:     303  C(OH),-CH,   C(OH), 

321  C|OII),.ClOHl,.CH-On 

•311  ClOH),. CHOH. CH(oni, 

•322  CIHOH),.C(OH),.CHiOH), 


Unknown 
Glyceric  Acid 

Unknown 
Milanic  Add 
Oxjpyiotncemic  Acid 


I 


VIH:     313    C{OH),.  C(OH),.C{On), 

c  ig  ioiaginablc  hydroij'l  subsliu 
old  be  regarded  as  oxidaiion  pro 
amnged  logether  under  their  usual  foimulai — thai  is,  Ibcir  ortho-  rormulu  n 


CH,OH 
CH  .  OH 
CH.OH 


CHO 

CHOH 

CHO 


CHO 

CHOH 

CH.OII 

=„;;;!,.. 

CO,H 
CHOH 

CHO 


Gly< 


CO,H  CH,OH 

CHOH  CO 

CH.OH  CH, .  OH 

'"  Add  DIoitsceton 


CO,H 


(3". 


CO,  11  Clio 

CHOH  CO 

CO,H  CHO 

(Ji!)  lji,i)  'JID 

tJolcno»ii    Tatlromc  Add  Unknown 


CHO 

I;, 

C!l,  .Of 

tacemlc  Add. 

cn,ri  co,H 

[■o  (i(OH), 

CHO  CO,H 


L 


Glyceric  acid,  laOronic  acid,  and  mcsoxalic  acid  are  ihe  only  accurBlely  known  rep- 
rcMnUlives  or  these  eleven  oxidation  products  of  glyceiot.  The  glyccroiei  and 
d'oxyacetone  have  not  been  prepared  1n  a  puie  slale.  Crude  |;1ycerose  is  ■  miitnie 
of  these  [wo  substances.     Oxypyroraceniic  acid  has  received  very  liltle  study. 

Three  hydrogen  atoms  in  glycerol  can  be  replaced  by  alcohol  or 
acid  radicals  ;  Ihe  products  are  ethers  and  esters : 

(OH  fOH  fO.CjH.O 

C.H,    OH  C,l  I,  J  O .  C,H,0  CH,  J  O .  C,H,0 

lO.C.H.O  lO-C,H,0  lO,C,H,0 

Aceiiu  DlacetiD  Trlacelln, 

The  haloid  esters  are  the  halohydrins : 
c,H.(OH),n  c,n.{oHici,  c:,h.ci, 

Monodilorbydrin  Dichlorliydrin  Tiichloiliydrin. 

Formation. — The  trjhydric  alcohols  are  obtained  (1)  by  heating  the 
brrimides  of  the  unsaliirated  alcohols  with  water  ;  or — 

(2)  Upon  oxidiziug  the  unsaturated  alcohols  with  potassitira  per- 
manganate (B,  28,  R.  917). 

Glycerol  [Propaniriol],  CH,  .OH  .  CH.  OH  .  CH,OH.  is  pro- 
duced insmall  quantities  in  the  alcoholic  fermentation  of  sugar;  hen.c« 
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is  contained  in  wine.  It  is  prei>ared  exclusively  from  the  fats  and  oils, 
which  arc  glycerol  esters  of  the  fatty  acids  (p.  122).  When  the  fats 
are  sapunilied  by  bases  or  sulphuric  acid,  they  decompose,  like  all 
esters,  into  fatty  acids  and  the  alcohol — ^glycerol. 

Glycerol  is  also  formed  from  synthetic  glycerol  trichloride  by  heat- 
ing it  with  water  to  170^,  and  from  allyl  alcohol  when  it  is  oxidized 
with  potassium  permanganate. 

///j/^r/Vrf/— Scliet'lc  discovered  glycerol  in  1779,  ^licn  he  saponified  olive  oil  with 
litharge,  in  muking  lead  plaster.  Chevreul.  who  recognized  ester>like  derivatives  of 
glycerol  in  the  fats  and  fatty  oils,  introduced  the  name  glycerol,  and  in  1813  pointed 
to  similarities  between  it  and  alcohol.  The  composition  of  glycerol  was  established 
in  1836,  by  Pelouze.  Berthelot  and  Lucca  (1853),  and  later  WQrtz  (1855),  explained 
its  constitution,  and  proved  that  it  was  the  simplest  trihydric  alcohol,  the  synthesis  of 
which  Friedcl  and  Silva  (1872)  effected  from  acetic  acid : 

CO.II  CH,  CH,  CH,  CH,  CH.a  CH.OH 

J  (1)        I         (a)         I  (3)  I  (4)       J  (5)         I  (6)         I 

CH,  —  -^  CO >•  CHOH  — X:H  — >  CHOI  — >  CHQ  --  ->-  CHOH 

CH,  CH,  CH,  CH,a  iH,a  iufiH 

(i)  Acetone  is  obtained  from  calcium  acetate.  (2)  Acetone  by  reduction  pastes 
into  isopropyl  alcohol.  (3)  Propylene  results  when  anhydrous  zinc  chloride  with- 
draws water  from  isopropyl  alcohol.  (4)  Chlorine  and  propylene  yield  propylene 
chloride.  (5)  Propylene  chloride  and  icnline  chloride  unite  to  form  propenyl  trichlo- 
ride or  ally]  trichloride,  the  trichlorhydrin  of  glycerol.  (6)  Glycerol  is  produce<] 
when  trichlurhydrin  is  heated  with  much  water  to  160**  (B.  6,  969).  Metallic  iron 
and  bromine  convert  propylene  bromide  into  tribromhydrin,  which  silver  acetate 
changes  to  triacetin.     Ha«^es  saponify  the  latter  and  glycerol  results  (B.  24,  4246). 

Preparation. — At  present  glycerol  is  produced  in  large  quantities  in  the  manufac* 
ture  of  stearic  acid  ;  the  fats  are  saponified  by  means  of  superheated  steam,  convert- 
ing them  directly  into  glycerol  and  fatty  acids.  In  order  to  obtain  a  pure  product 
the  glycerol  is  again  distilled  under  diminished  pressure. 

Prol^erties. — Anhydrous  glycerol  is  a  thick,  colorless  synip,  of  spe- 
cific gravity  1.265  at  15°.  Below  0°  it  solidifies  to  a  white,  crystal- 
line mass,  whicli  melts  at  -[-17°.  Under  ordinary  atmospheric 
])ressuro  it  boils  at  290°  (cor.)  without  decomposition  ;  under  12  mm. 
at  1 70*^.  With  suj)crheated  steam  it  distils  entirely  unaltered.  It  has 
a  jKirc,  sweet  taste,  hence  the  name  glycerol.  It  absorbs  water  very 
energetically  when  cxi)osed  and  mixes  in  every  proportion  with  water 
and  alcohol,  but  is  insoluble  in  ether.  It  dissolves  the  alkalies,  alka- 
line earths  and  many  metallic  oxides,  forming  with  them,  in  all  prob- 
ability, metallic  compounds  similar  to  the  alcoholates  (p.  124). 

Transfoftnations.  —  (i)  When  glycerol  is  distilled  with  dehydrating 
substances,  like  sulphuric  acid  and  phos|)honis  f)entoxide,  it  decom- 
poses into  water  and  acrolein  (p.  208).  It  sustains  a  similar  and  par- 
tial (lecomj)osition  when  it  is  distilled  alone.  (2)  When  fused  with 
caustic  potash,  it  evolves  hydrogen,  and  yields  acetic  and  formic  acids. 
(3)  Platinum  black,  or  dilute  nitric  acid,  oxidizes  it  to  glyceric  and 
tartronic  acids,  while  niter  and  bismuth  nitrate  change  it  to  mesoxalic 
acid  (B.  27,  R.  666).  Under  energetic  oxidation  the  products  are 
oxalic  acid,  glycollic  acid,  glyoxylic  and  other  acids.     (4)  Moderated 
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oxidation  (wilh  nitric  acid  or  hromine)  produces g/ycerase,  which  con- 
sists chiefly  of  glyceraldehyde  and  dioxyacetone,  CO(CH,.OH),. 
This  unites  wilh  CNH  and  iorms  Irioxy butyric  acid  (B.  33,  106 ;  23, 


I 

I 


Glyceiose 


(5)  Phosphorus  iodide  or  hydriodic  acid  converts  it  into  allyl  iodide, 
isopropyl  iodide,  and  propylene  (p.  113).  (6)  In  the  presence  of 
yeast  at  10-30°  it  ferments,  forming  propionic  acid.  By  schizomy- 
cefes  fermentation,  induced  by  Butyl  badllus  (B.  30,  451),  normal 
butyl  alcohol  (p.  125)  and  Iriraethylene  glycol  result  (p.  195). 


9|)b<r» 


5,  iJ'picoliiie,  as  well  as  I  5  dimethyl  pytatin«,  resuit.i.  Under 
certnin  conditions  it  is  only  Ihe  laucc  whicb  is  produced  |B.  le.  R.  5S5 ;  14,  410J  1 
■7,  R.  4j6,  S12). 

Uses. — Glycerol  is  applied  as  such  in  medicine.  It  is  also  used  as  a 
lubricant  in  watches.  Duplicating  plates  and  hectographs  consist 
of  mixtures  of  gelatine  and  glycerol. 

The  bulk  of  glycerol  is  consumed  in  the  manufacture  of  "nitrogly- 
cerine" (p.  474). 

Glycirel  Hemitlagutt,—i.3.-i-Biil}lglyterol.  CI  I, .  CH(OHi .  CH(OH) .  CH,OH, 
bcnling  at  171-175"  (17  mia.),  ii  prepared  from  cralonylalcohol  dibromide  (p,  Ijl). 

{t.i.i-PintaHlrion.  C,H,  .  CHiOH) .  CH(OH) .  CH,.  OH,  boils  u  igj'  (63 
mm.)i  [2,3.4-/'f»/«f(CnW].CH,.CH(OH).CH{OH).CH(OHl.CH,, boils W 180' 
(a? mm.);  a-£rfj'/^-;^«™/,CH,.CH,C(OH)(CH,OH),,boilsat  186-189=  (68 mm.). 
These  and  other  glycerols  resuh  upon  oiidizing  unsnturated  alcohols  with  potassium 
permangunate  (B.  a?,  R.  165:  a8.  R.  937).  Pcnla-glyccrol.  CH,C(CH,  .OH)„ 
metti  at  199°.  It  is  obtained  by  the  action  of  lime  upon  propyl  aldehyde  and  fonn- 
aldehyde  (A.  376,  76). 

ll.^.S.Hixaalri!)q,  CH,  ,  CH(OH)  .  CH(OH)  .  CH,  .  CH,  .  CH.nH,  boiling 
at  iSl'  (10  mm.),  and  aome  nlbet  isamendes  and  higher  Iiomolugaei  have  been  ol^ 
laincd  froni  Ihe  addition  producu  of  bromine  and  hypocbloroui  acid  with  tbe  corre- 
aponding  unsaturated  alcohols. 


L 


A.  Q1.VCEROL  ESTERS  OP  INORGANIC  ACIDS. 
(a)  Olyeerol  Haloid  Esters.— These  are  called  lialobyilrins  ^p.  471).    There  are 
ossible  isomeric  mono-  and  di-halohydnns.     l^iey  are  distinguished  as  a-ha!o- 
11  and  ,3-l)alohydrins : 

CH,.a  C1I,,0H  Cll.CI  CH,OH 

iH.oH  (!:h.ci  ^H.oii  t:Ha 

i!:h,.oh  ch.oh  ch.ci  ch,.ci 

•-Chlurtiydiii.  ^-Chjorty.lriii  o-Dlchloil.vdiiii        B-Dkhlorliydtin. 
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The  monohalohydrins  mmy  also  be  regarded  as  halogen  substitution  products  of 
prupylene  and  irimcihylcDe  glycol,  while  the  dihalohydrios  are  probably  the  dihAlogen 
suU>titution  products  of  propyl  atid  isopropyl  alcohol  (p.  125). 

a- Mtmohtilohydrins  are  formed  when  the  haloid  acids  act  upon  glycerol,  and  by 
the  interaction  of  water  and  epihalohydrins.  a-Chlorkydrin^  CH^OH  .CH  .  OH.  - 
CMjCl,  l>oils  at  I39<*  (18  mm.).  a-Bromhydrin  boils  at  180°  (10  mm.).  P-Ckhr- 
hydrin,  CM/)!! .  CllCl .  Cli,OH,  boils  at  146**  (18  mm.).  It  is  obtained  from  allyl 
alcohol  and  CK>!i. 

U'Dihalohydn'ns  are  produced  when  the  haloid  acids  (A.  ao8,  349)  act  upon 
glycerol,  and  upon  the  epihalohydrins  (p.  477)  (B.  10,  557).  Potassium  iodide 
clian(;es  the  chlorine  derivative  into  the  iodine  compound  (pp.  124,  126). 

a-/)t\A/orAydriH^  CH,CI .  C!i  .  0!i  .  ClI^Cl,  is  a  liquid,  with  ediereal  odor,  of  sp. 
gr.  1.367  at  19°,  and  boils  at  174°.  It  is  not  yery  soluble  in  water,  but  dissolves 
readily  in  alcohol  and  ether.  When  heated  with  hydriodic  acid  it  becomes  isopropyl 
i(Klide;  siHlium  amalgam  produces  isopropyl  alcohol.  When  sodium  acts  on  an 
ethereal  iktiution  of  o-dichlorhydrin,  we  do  not  get  trimethylene  idcohol,  but  allyl 
alcohol  as  a  result  of  molecular  transposition  (B.  ai,  1 289).  Chromic  acid  oxidizes 
it  to  .i-dichloracetone  (p.  216)  and  chloracctic  add.  Caustic  potash  converts  it  into 
epicbUtrhydrin  (p.  4771. 

a-Di/'rom/ndnn,  C!!,Br  .CH(OH) .  C!I,Br,  is  an  ethereal-smelling  liquid,  which 
boils  at  219^  ;  its  sp.  gr.  at  18°  is  2. 1 1. 

a-Di-iodhydrin  is  a  thick  oil  of  specific  gravity  2.4,  and  solidifies  at  — 15^. 

The  3dt7ni/t>//ydn'fis  result  from  the  addition  of  halogens  to  allyl  alcohol. 

iilhifihrhydrin  boils  at  182-183°;  its  sp.  gr.  =  1.379  at  0°.  Sodium  converts 
it  into  allyl  alcohol.  Hydriodic  ncid  changes  it  to  isopropyl  iodide.  Fuming  nitric 
acid  oxidi/es  it  to  n  )  dichlorpropionic  acid. 

Both  (lichlor)iydrins  are  changed  to  epichlorhydrin  by  the  alkalies. 

^i-Dihromhydrin  U)ils  at  212-214**. 

Trihalohwiritn  form  when  halogens  are  added  to  the  allyl  halides;  also  in 
the  action  of  pliosphorus  haloids  upon  the  dihalohydrins,  and  when  iodine  chloride 
acts  upon  propylene  chloride,  and  bromine  and  iron  u|X)n  propylene  bromide  and  tri< 
methvleno  hroinide  (H.  24,  4246). 

Tri.hlorhvdrin,  dhceryl  Chloride,  1.2.3-trichlorpropane,  CII^Cl .  CHCl .  CH,a, 
boils  at  158°. 

Tribromhydrin  fuses  at  1 6°,  and  boils  at  220**.  Silver  acetate  converts  it  into 
glycerol  iriacctyl  ester.     When  this  is  saponified  it  yields  glycerol  (p.  472), 

{h)  Glycerol   Esters  of  the    Mineral   Acids    Containing 

Oxygen. — The  neutral  nitric  acid  ester — nitroglycerifie  (discovered 
by  Subrero  in  1847)— is  ^he  most  important  member  of  this  class. 

Nitroglycerine,  glycerol  nitrate,  CH,(ONO,) .  CH.  ONO,) .  CH,(ONO,),  is  pro- 
duced by  the  action  of  a  mixture  of  sulphuric  and  nitric  acids  upon  glycerol.  TTie 
latter  is  addeti,  drop  by  drop,  to  a  well-cooled  mixture  of  equal  volumes  of  concen- 
trated nitric  and  sulphuric  acids,  as  long  as  it  dissolves;  the  solution  is  then  poured 
into  water,  and  the  separated,  heavy  oil  (nitroglycerine)  is  washed  with  water  and 
dried  by  means  of  calcium  chloride. 

Nitroglycerine  is  a  colorless  oil,  of  sp.  gr.  1.6,  and  becomes  crystalline  at  — 20®. 
It  volatilizes  very  energetically  at  160^  (15  mm.  pressure)  (B.  29,  R.  41).  It  has  a 
sweet  taste,  and  is  poisonous  when  taken  inwardly.  It  is  insoluble  in  water,  dis- 
solves with  difRcuhy  in  cold  alcohol,  but  is  ea.sily  soluble  in  wood  spirit  and  ether. 
Heated  quickly,  or  upon  percussion,  it  explodes  very  violently  (NobeV s  expiosrue  oil) ; 
mixed  with  kieseJguhr  it  forms  dynamite^  and  with  nitrocellulose,  smokeless  powder. 

Alkalies  convert  nitroglycerine  into  glycerol  and  nitric  acid  ;  ammoniam  sulphide 
also  regenerates  glycerol.  Both  reactions  prove  that  nitroglycerine  is  not  a  nitro- 
compound, but  a  nitric  acid  ester. 


I 


ULVCEBIDES,  4 

Gfyctrtl-Mtrilt,  C,Hj(0  .  NO),,  is  formed  by  [be  action  of  N/l,  u|«.n  glyccr 
1l  is  isooieric  wilh  TnnUiBprafane  (B.  16,  1697). 
■  'OH), 
,   l.SO,H' 
cerol  wicb  I  part  of  sulphur 

Clyetrel'Pkoifhar. 
acids  and  choline  as  lecilhin  (^ee  thi.i)  in  the  yolk  of  e^s.  in  the  brain,  in  Ihe 
and  in  the  ncrvoua  tissue.  It  is  produced  on  mixing  glycerol  with  meiBpho^phuni. 
acid.  The  free  acid  is  11  alilT  syrup,  which  decampo^s  into  glycerol  and  phosphoric 
acid  wbeu  it  i:;  heated  with  water.  It  yields  easily  soluble  salts  wiih  two  cqui Talents 
of  metal.  The  calcium  salt  is  more  insoluble  in  hoi  thin  in  cold  water  ;  on  boiling 
ils  solutioo,  il  is  deposited  in  glistening  leaflets. 

Glycerol  mercaplnns  are  produced  when  chlorliydtins  are  healed  nith  alcoholic 
solutions  of  potassium  sutphyijtate. 


B.  GLYCEROL  FATTY  ACID  G3TERS,  OLYCERIDES. 

(a)  Formic  Acid  Esters,  Monoformin.  C,Hj(OH  ),OCHO,  is  volatile  under 
diminished  iircssure.  Il  is  supposed  that  it  is  formed  on  healing  cialic  acid  and 
glycerol.  When  it  isbealed  alone  il  breaks  down  into  atlyl  alcohol  (p.  13a),  water,  and 
carbon  dioxide.  Dirarmin  is  most  certainly  produced  under  these  conditiuus.  Mono- 
formin also  rcsulls  from  the  action  of  q  •  monoclilorhydrin  upon  sodium  formate. 
Diformin,  C,II.(OH) .  (O .  CMO)„  boils  at  163-166°  (ao-30  mm  ). 

(h)  Acetic  EElers.  or  Acelins,  result  when  glycerol  and  acftic  acid  are  heated 
together:  Monacetin  at  too";  ai  100°:  Diacetin,  C,H,(0.  COCH,),(OH|,  boil- 
ing at  259-260°  (B.  24,  3466);  at  250°:  Triacelin.  C,Hj{0.  COCH,),,  bodiog  at 
258°.  occurs  in  small  quantities  in  the  seed  of  Evanyniia  eureftms,  and  baa  also 
been  obtained  from  iritirombydrin  (p.  476). 

(fl  Tributyrin,  C,Hj(OC,H;0),.  occars  in  cow's  butter  (p.  247). 

(a)  Glycerides  of  Higher  Patty  Acids  occur,  as  already  repreiieiited  (p.  249], 
in  the  vegetable  and  animal  fatty  oils,  fats,  and  tallows.  They  can  be  artifjcially  ob- 
tained by  healing  glycerol  wilh  the  acids.  They  dissaWe  in  alcohol  with  dlfBculty, 
but  readily  in  ether.  The  fals  are  saponihed  when  boiled  with  alkalien  or  lead  onide. 
The  most  important  glycerides  are : 

Trimyristia,  or  Myrislin,  C,H,[0 .  C„H^O)„  Glycerol  Myristic  Ealer,  occurs  In 
spermaceti,  in  muscat  butter,  and  chietty  in  oil  nuts  \Uom  Myiistif a  lurina mentis), 
from  which  it  is  most  readily  obtained  (B.  18,  zoil).  It  trystalliies  from  ether  in 
glistening  needles,  melting  at  55°.  It  yields  myristic  acid  {p.  ayi)  when  sapnni- 
lied. 

Tripalmilin,  C,H,(O.C„H^O)„  is  found  in  most  fats,  especially  in  pabn  oil, 
from  which  it  can  he  obtained  by  strong  pressing. 

Tristearin,  C,Hj|0  .  C,,H„0),.  occurs  mainly  in  solid  fats  (tallows).  It  can  be 
obtained  by  beating  glycerol  and  stearic  acid  to  280-300°.  It  crystallizes  from  ether 
in  shining  leaflets,  and  melts  at  71.5°.     Its  melting  point  is  also  lowered  by  repeated 

Triolein,  or  Oleln,  C,Hj(0 .  C, Jf„0),,  is  found  in  oils,  like  olire  oil.  It  solid- 
ifies at  — 6".  It  is  oxidiied  on  exposure  to  the  air.  Kittuus  acid  couTetts  11  iotu 
the  isomeric  eUldin,  which  melts  at  36°  [p,  386J. 

Licithim  are  widely  distrilmted  in  ihe  anima!  organism  and  occur  especially  in  the 
brain,  in  Ibe  nerves,  the  blood  corpuscles,  and  the  yellow  of  egg,  firom  which  stcarin- 
palmilic  lecilhin  is  most  easily  prepared.  Lecithin  occurs  in  the  seeds  of  plants  (B. 
ag.  2761].  It  is  a  wan,  like  mass,  easily  soluble  in  alcohol  and  ether,  and  crystallizes 
in  fine  needles.  Il  swells  up  in  waler  and  forms  an  opalescent  solution,  from  which 
it  is  reprcctpitaied  by  various  salts.  Il  unties  with  luises  and  acids  to  salt«,  forming 
-  apariogly  soluble  double  salt,  (C„H„NrO, .  HCl), ,  PiCI,.  with  plalinic  chloride, 
rdiliin  decomposes  lntDchotine,glycerol-;ihosphoric  acid  (seea!iove),9learic  acid,  and 
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palmitic  acid,  when  it  is  boiled  with  adds  or  baryta  wmter.  Therefore  we  assume  it 
to  be  an  ethereal  compound  of  choline  with  glycero-phosphoric  acid,  combined  as 
glyceride  with  stearic  and  palmitic  acids : 

/O .  CjgHj^O  ^ 

^"' \8  :  fe"dfi .  O .  C®'  }  N .  OH  =  ledthin. 

The  distearin  and  dioleo-  compounds  are  also  known.     Frotagon,  a  snbsUmce  ob- 
tained from  the  brain,  appears  to  be  closely  related  to  the  Uciikins. 

Glycerol  Ethers  :  i.  Alkyl  Ethers. 

Mixed  ethers  of  glycerol  with  alcohol  radicals  are  obtained  by  heating  the  mono- 
and  dichlorhydrins  with  sodium  alcoholates : 

^"5  {  c"  +  'C.H. .  ON.= C,H,  {  j>«  c^H,),  +  «N-a. 

Monoethylin,  C,Hg  |  k    J^  ,  is  soluble  in  water,  and  boils  at  2jo^.     Di« 

f  OH 
ethylin,  CgH^  <  ,q   p  tt  v  »  dissolves  with  difficulty  in  water,  has  an  odor  resem- 
bling that  of  peppermint,  and  boils  at  191®.     When  its  sodium  compound  is  treated 
with  ethyl  iodide  we  obtain  Triethylin^  QJAJf^ .  C^H()|,  insoluble  in  water  and 
boiling  at  185°. 

AUylin,  CgH^  I  k    J*^  ,  monoallyl  ether,  is  produced  by  heating  glycerol  with 

oxalic  acid  (B.  14,  1 946,  2270),  and  is  present  in  the  residue  from  the  preparation  of 
allyl  alcohol  (p.  130).  It  is  a  thick  liquid,  boiling  at  225-240^.  Diallylin,  HO.- 
CgHjCOCjHj),,  boiling  at  225-227®,  is  produced  when  sodium  allylate  acts  upon 
epichlorhydrin  (B.  25,  R.  506). 

2.  Cyclic  Ethers. 

CM, .  O .  CH, 
I  I 

Glycerol  Ether,  CII .  O  .  CH  ,  boiling  at  169-172®,  occurs  together  with  allylin. 

iHj.O.CH, 
Glycerol  derivatives,  resembling  the  acetals,  are  produced  when  formaldehyde, 
benzaldehyde,  or  acetone  acts  upon  glycerol  in  the  presence  of  hydrochloric  add. 

Fcrma/  glycerol,  CH,<^  *  ^JJ'  ^^  ^^^ ,  or  CH,<g ;  ^>^^  •  OH,  boils  at  193^ 

(A.  289,  29).       Benzal  glycerol  melts  at  66°  (B.  27,  1 5 36).      Acetone  Glycerol^ 

(CH3),C<^  •  ^"*  ^jj  ^^,  or  (CH,),C<g '  ch'>CH  .  OH,  boils  at  83®  (11  mm.) 

(B.  28,  1 169). 

CH .  CH,OH 
Glycide  Compounds  :  Glycide,  Epihydrtn  Alcohol^  ^*^/^tj  »  boiling 

at  162®,  sp.  gr.  1. 165  (o®),  is  isomeric  with  acetyl  carbinol.  This  body  manifests 
the  properties  both  of  ethylene  oxide  and  of  ethyl  alcohol.  It  is  obtained  from  its 
acetate  by  the  action  of  caustic  soda  or  barium  hydrate.  Glycide  and  its  acetate 
reduce  ammoniacal  silver  solutions  at  ordinary  temperatures. 

Glycerol  also  forms  polyglycerols.     Thus  glycerol  yields  Diglycerol,  (HO),.  C^- 
H.C)C.H.(OH).,  when  it  is  treated  with  clilorhydrin  or  aqueous  hydrochloric  acid 

CH,  .  O .  CH .  CH-OH 
at  130°.  Thepolymerideofglycide,/>ii'//nV/^^^^^^   ^H— O   tvL  ^^)' 


DIOXYALDEHyDES. 

KEulti  from  the  Action  of  sodium  acetnte  upon  epichlorbydrin  in  absolute  alcohol,   j 
and  the  subsequem  sapooilicHtion  of  diglycide  acetate  with  caustic  soda. 
CH  .  CH,CI 
Bpichlorhydrin,  0<  j  ,  is  isomeric  with  monochloracctone,  and  Ci 

stilutes  the  starting-oul  material  for  the  preparation  of  ibe  glycide  cotnpounds.     t 
obtained  from  both  dichlorhydiins  by  the  aclion  of  caustic  potash  or  soda  (analo-  i 
gous  to  the  formation  of  elhyiene  oicide  from  gtycolchlorfaydriu  (p,  398)  \ 


CHjCl 
CH.OH— 

CH,a 

B-Dichlorhydrin 


CH, 
J.      )0 


CH,OH 

'- CHCl 

CH.a 

9'DlchJothTdriii 


It  ia  a  VC17  mobile  liquid,  insoluble  in  water,  and  boils  at  117°.  Its  sp,  gravity  at 
o"  is  1.203.  I'*  odor  rewroble*  that  of  chloroform,  and  itslasle  is  sweetish  and  bum- 
ing.  It  forms  n  dicbloihydrin  with  concenlisted  hydrochloric  acid.  PCI^  converts  it 
a  iricblorhydrin.  Continued  heating  with  water  to  iSo°  changes  it  to  amono- 
"  rcnirated  nilric  acid  oxidizes  it  lo  ^-chlorlactic  acid,  Meullic 
into  sodium  allylale,  CH,  =  CH  .  CH.ONa. 
sxide,  epichtorhydrin  combines  with  CNH   to  the  oxycyanide, 


chlorhydi 
sodium  converts  II 
Like  ethylene 

c,H,a<™. 

Bpibromhydi 

Bpi-iodohydi 


<,  CgHjOBr,  from  the  dibiomhydrins,  boils  at  130-140°, 
1.  from  epichlorhydrin  and  potassium  iodide,  boils  at  i6q°. 

Epicihylin,  Bthyl  Qlycide  Ether,  C,II,0  O.  C,Hj,  boiling  at  ub-ljo",  and  I 
amyl  glycide  ether,  CjH^O .  O .  CJ1„,  boiling  at  iSS".  are  produced  on  dislUlIng  I 
the  ethers  corresponding  lo  epichlorhydrin  with  caustic  potash. 

Acetic  Glycide  Ester,  C^HjO  .  O .  C,H,0.  is  produced  by  healing  epichlorhydrin 
with  anhydrous  potassium  acetate.     It  boils  11  168-169''. 

Nitrogen-containing  Derivatlvea  of  Qlycerols:  Nilroisobutyl  Qtycol, 
CH,  .  C(NO,) .  (CH.OH),,  melting  at  140'.  is  formed  from  nitroethane  and  formal- 
dehyde (B.  *8,  R.  774). 

TrUmino-propane,  CH.NH,.  CH.  NH,,  CH,NH„  can  be  distilled  without   j 
decomposition  under  reduced  pressure.     It  is  formed  from  the  triotide  of  tricarballjlic 
acid  (compare  p.  312).     It  is  a  symi>y  liquid. 


2.  DIOXYALDEHYDES. 

Olyceryl  Aldehyde,  rPropandiokll,  CILOH .  CHOH  .  CHO,  and  Olyceral 
Ketone.  ri>ro|»ndiobn],  CH.OH  .  CO.  CH.OH,  are  not  known  in  a  pure  stale.  A 
mixture  of  them,  called  i'/iwriiw,  is  formed  when  glycerol  is  oxidized  with  dilute 
nitric  acid  or  bromine.  Caustic  soda  condenses  it  to  iitarlrt-i  aerasr,  a  compound 
related  lo  grape  sugar, 

Nitromalonic  Aldehyde,  Nn,CiI(CHO),.  results  from  the  action  of  alkaline 
litriles  upon  mucobromic  acid,  ll  fonns  salts  with  the  alkali  mctaU  and  condenses 
o  sym,  tri nitrobenzene,  and  with  acetone  to  p-nitrophenol  (11.  38,  1597). 

Chloral-aldol,  CCl,  CM[OH) .  CH(CHO) .  CHOH.  CH,,  and  BulylcWoral- 
•ldol,CH,  CHCl,  CCl,.  CH(OH|.CH(CH0).  CHOH.  CH,,arelhick  oils.  They 
result  from  the  condensation  01  chloral  or  butyichloral  with  patatdehyde  and  glacial 
cadd(B.  25,798). 
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3.  DIOXYKBTONBS  (OXETONBS). 

Dioxjacetone  is  the  simplest  possible  dioxyketoDe.  It  is  not  known  in  a  pure  state. 
Its  derivatives  are :  (i)  Sym.  Diethoxyacetone,  CjH^O.  CH, .  CO.  CH..  OC^H^, 
boiling  at  195*^,  which  is  obtained  from  oy-diethoxy-acetoacetic  ester  as  well  as  by  the 
distillation  of  calcium  ethyl  glycollate  (B.  a8,  R.  295).  It  reduces  FehHng*s  solu- 
tion. (2)  Diamido-acetone,  NH,CH, .  CO .  CH,NH,— the  reduction  prmiact  of 
di-isonitroso-acetone  (B.  28,  1519). 

Fittig  discovered  the  oxetones.  They  can  be  viewed  as  anhydrides  of  y-dioxy- 
ketones.  Their  constitution  follows  from  the  formation  of  diroethyl-oxetone  in  the 
treatment  of  the  dibrom-  addition  product  of  diallyl  acetone  (p.  221 )  with  a  potash 
solution  (Volhard,  A.  267,  90)  : 

CH, .  CH, .  CH  ;  CH,  CH, .  CH, .  CHBrCH,  CH, .  CH,CHCH, 

CO  -iy?JL^  CO  >-  C  g 

CH, .  CH, .  CII  :CH,  CH, .  CH, .  CHBr .  CH,  CH, .  CH,CHCH, 

The  oxetones  arc  obtained  from  the  condensation  products  of  the  y-lactones  with 
sodium  ethylate  in  consequence  of  the  elimination  of  carbon  dioxide  (see  p.  345). 

Oxeton'e,  C,n,..0,.  boils  at  159.4°.  Dimethyl  Oxetone,CLH„0,, boils  at  169. 5<*; 
sp.  gr.  0.978  (0°).  Diethyl  Ozetone,  C^|H,oO,,  boils  at  209^.  These  oxetones  are 
mobile  liquids,  and  possess  an  agreeable  odor.    They  are  not  very  soluble  in  water, 

reduce  an  ammoniacal  silver  solution,  and  combine  with  2HBr  to  y>dibrom-ketones. 

CI  J  __  CII 
y-P3rronc,  C0<  ^jj  _^  CH-^^*  ™*^  ^  considered  the  anhydride  of  an  unsatu- 
rated dioxyketone. 


4.  OXY ALDEHYDE  KETONES. 

Oxypyroracemic  Aldehyde,  CHO.  CO.  CH,OH.  is  the  simplest  oxyaldehyde 
ketone.  It  is  only  known  in  the  form  of  its  osazonc,  melting  at  134°,  and  is  pro- 
duced by  the  interaction  of  phenylhydrazine  and  dioxyacetone  (B.  28,  1522). 


5.  OXYDIKETONES. 

«  Dibromethyl  Ketole,  CW.^.  CBr,COCIl,OH,  melting  at  85®,  and  formed  from 
brom-tetrinic  acid  and  bromine,  is  a  derivative  of  the  simplest  oxydiketone,  CH,  .CO  .- 
C().CH..()n. 

Oxyniethylene- Acetyl  Acetone,  (CHjCOjC  =  CHOH,  melting  at  470  and 
boiling  at  100°  (20  mm.),  190°  (ord,  pressure),  is  a  strong  acid,  stronger  than  acetic 
acid.  It  is  solui)le  in  aqueous  alkaline  acetates.  It  absorbs  oxygen  rapidly  from  the 
air,  and  when  gently  heated  with  water  and  mercuric  oxide  it  decomposes  into  car- 
bonic acid  and  acetyl  acetone. 

Its  copper  salt  melts  at  2 1 4°. 

Etoxymethylene-Acctyl  Acetone,  (CIIj.  CO),C  =  CHOCjHj  (liquid,  boiling 
at  141°  under  16  mm.),  results  from  the  condensation  of  acetyl  acetone  with  ortho- 
formic  ether.  Water  decomposes  it  into  alcohol  and  the  preceding  body.  Ammonia 
converts  it  into  amido-methylette  acetyl  acetonty  (CHj.  CO),C  =:  CH.  NH,,  melting 
at  144°.  With  acetyl  acetone  it  forms  mrthenylbisacetyl  acetone ^  (C'H^.iZO)JC  ^=: 
CH — CH  (CO.CH3),,  melting  at  118**.  Ammonia  changes  it  to  diacetyMutidine. 
By  the  withdrawal  of  water  it  becomes  diacetyl  metacresol. 


DIOXYMONOUARBOXVLIC  ACIDS. 

Oxymelhylcne-acel)'l  acelonir,  ajt  well  as  ihe  caiTe!ipDndlng  deiiiulves  of  aceto- 
acelic  ester  and  malonic  eslet,  cqd  !>e  cansideied  as  formic  acid  in  which  ibe  inlra- 
ndical  oxygen  has  been  replaced  by  n  carbon  olotn  canying  two  negative  gronpK  (X)  : 

O  =  CH .  OH  j[>C  ^  CU .  OH 

Formic  Acid  0»yni ethylene  Compouodi. 

As  ibese  bodies  are  strong  tnonobBsic  acidi.  the  group  X,C  =  wonld  seen)  to  exert 
an  inHuence  Dpon  the  carbon  aLom  combined  with  it.  or  apon  the  hydnuyl  in  union 
with  the  carbon  aloni,  just  as  h  done  by  oxygen  thai  is  joined  with  two  bonds.  It 
it  true  Ihal  the  influence  may  not  ])p  so  great  as  in  the  latter  ca«e.  The  compounds 
jusl  described  are  tlie  first  of  the  complex  substances,  containing  only  C,  H,snd  O. 
which,  without  CBrlnxyl,  ^lill  appronch  the  monocarboxylic  acids  (formic  excepted) 
in  ncidity.  [ndecil.  in  Mme  instances  (hey  surpass  them  in  ihis  tespecl  (B,  16,  27JI ; 
pri»Blcly  conununicaled  by  L.  Claisen). 


6.   ALDEHYDE  DIKETONES. 

The  following  are  derivatives  of  the  diflldchydes  corres[>onding  to  mesoxalic  acid 
(see  this} : 

(1)  Dlisanluosoacetone,  CH(N .  OH) .  CO ,  CH(N .  OH),  melts  at  144"  witli 
decomposilion.     It  resulls  when  nilrmis  acid  acts  upon  acetone  dicnrboxylic  acid. 

(1}  Trioximidopropane,  CH(N.  OH)C(N.  OH).  Ci£(N  .  OH),  melting  at 
171°,  is  the  rcsalt  of  Ihe  action  of  hydro xyl amine  upon  diisonitrosoacelone  (B.  ai, 
2989). 

(J)  Propanon  diphcnyl  hydrazone,  C.H^NIIN :  CH  .  CO .  CH  :  N  .  NHC.H,. 
melting  at  175°.  with  decomposition,  is  formed  from  acetone  dicarboxylic  acid  and 
difliobeniene, 

(4)  Propanon  triphenylhydrazone,  melts  at  166°.  I<  consists  of  yellow  leaf- 
lets. It  results  wheu  the  preceding  body  is  treated  at  120°  with  pbcnylhydtazine  (B. 
34,3259;  27,  219). 


7.  TRIKETONES. 

Pentantrion.lJlI,.  CO,  CO.  CO.  CH„islhc  simplest  trikelone.  It  isonly  Itnown 
in  the  form  of  a  phenylhydraiine  derivative  of  benzene  aioaeclyl  acetone,  C-HjNH  .  - 
N  ;  C(COCH,],.  which  is  produced  when  diaiobenicne  salts  act  npon  sodium  acetyl 
acetone  I  ti.    15.  746).  and  in  (hat  of  an  oxime.  iionilrosoarilyl  •tiilant.  HO .  N  ;  - 

c(COCH,t,  yw.  »7.  R.  585). 

Diacetyl  Acetone.  [ 2.4.6- AV-JH/rtVn],  1,4.4-  TrUxah^piaH.  CO(CH,COCH,)„ 
melting  al  49°,  results  when  baryta  waiet  acts  upon  i.6-dimetbylpyrone, 
^"^  '-CH  —  C(CH  W*^"  Hy'^™'^'''°'''=  "'"l  separates  it  from  (be  barium  salt,  tt 
decompose*  spontaneously  into  water  and  dimelhylpyrone  (A,  357,  syfi).  Ferric 
chloride  imparts  a  deep,  dark  red  color  to  i(.  lis  dioxime  melts  al  68°.  and  reajiily 
passes  into  an  anhydride  (B.  flS,  1S17),  melting  with  decomposition  at  241°. 


S.  DIOXYMONOCARBOXYLIC  ACIDS. 

The  acids  of  this  series  bear  the  same  relation  to  the  glycerols  thai 
the  lactic  acids  sustain  lo  the  glycols.  They  can  also  be  called  dioxy- 
derivatives  of  the  faity  acids  (|j.  319).     They  may  be  artificially  pre- 
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has  been  obuuoed  by  the  action  of  ammonia  upon  a;3-dibrompropionic  acid.  Other 
similar  acids  have  been  found  in  the  decomposition  products  of  the  albuminoid 
bodies. 


9.  OXYKBTONB  CARBOXYLIC  ACIDS. 

Oxvpyroracemic  Acid^  [Propanolon  Acid],  CH,OH .  CO .  CO,H,  is  fonned  when 
caastic  soda  acts  upon  collodion  wool  (B.  24,  401).  TrUn-ommetkylketol,  CII,OH .  - 
CO  .  CBfj.     See  tetronic  acid. 

Ethoxyl-acetoacetic  Ester,  CII,  .  O .  C^Hj .  CO .  CH, .  COOC^H,  or  CH,CO  .  CH- 
(OC|Hj)CC)2C2lIj,  boils  at  105°  (14  mm.).  It  is  obtained  by  reducing  ethoxyl  chlor- 
acetoacetic  ester,   the  condensation   product  from    chloracetic  ester  and  lodinm. 

Demargay  acted  with  alcoholic  caustic  potash  upon  the  >'-niono-brom-mono-alkylic 
acetoacetic  esters  and  obtained  tetrinic  acid  and  its  homologues,  which  may  be  re- 
garded as  ;  -lactones  of  the  oxyketone  carboxylic  acids : 


COCI TjlJr  COCH,  v  C(OH)  CH, 

I  ->-  I  X)      or  \ 

CHjCH .  COOCjlIj  CH, .  CH  .  CO/  CH. .  C CO 

Tetrinic  Acid. 


Michael  was  the  first  to  declare  that  tetrinic  acid  was  a  lactone  with  the  preceding 
formula.  1..  Wolff  discovered  the  parent  suUtance  of  tetrinic  acid,  and  named  it 
tetronic  acid,  after  which  tetrinic  acid  received  the  name  a-methyl  tetronic  acid  (A. 
agi,  226).  The  salts  of  tetronic  acid  and  the  a-alkylic  tetronic  acids  are  derived 
from  the  hydroxyl  formula  isomeric  with  the  ketone  formula.  The  latter  is  preferred 
for  the  free  acids. 

Tetronic  Acid,    \  >0,  melting  at  141°,  is  produced  when  sodmm  amalgam 

CO  — CIL 
acts  upon  bromtetronic  acid.    1  >0,  melting  at  183°.     This  results  when 

^  CHRr  — CO  ^ 

CO.CH, 
dibromacetoacetic  ester  is  heated.     Dibromtetronic  Acid,    1  ^O,   is    formed 

CBr^CO 

when  bromine  acts  upon  bromtetronic  acid.     It  consists  of  white,  readily  soluble 

plate:,.     It  blowly  dccomj.H)ses  at  174**  with  COj-cvolution  '\Vi\o  tribrommetkylketol, 

('Br, .  CO  .  CHj  .OH,  and  bromtetronic  acid. 

CO.  CH, 
Tetrinic  Acid,  a-Methvl  Tetronic  Acid,  1  >0,   melting  at    iSo®, 

CH5CH.CO  s  ^  , 

boils  with  partial  decom|)osition  at  292°.  It  results  on  heating  >-brom-methylacelo- 
acetic  es>ter  or  by  treatinjj  it  with  alcoholic  potash.  Heated  with  water  to  200°,  it 
breaks  down  into  ethyl  ketol  (p.  317)  and  CO,,  and  when  it  is  boiled  with  barium 
hydrate  it  yields  glycollic  acid  and  propionic  acid.  Chromic  acid  oxidizes  it  to 
diacetyl  and  CX),  (.\.  288,  l). 

Pentinic  Acid,  a-Ethyitetronic  Acid,  melts  at  128®. 
Hexinic  Acid,  a- Propyltetronic  Acid,  melts  at  126°. 
Heptinic  Acid,  a- hobutyltctronic  Aiid,  melts  at  150°. 

y-Methoxyldimethyhwetoaicfic  Ester,  CH3O .  CH^ .  CO.  C(CH;,),CO,C,H,,  melts 
at  70°  and  boils  at  241°.  It  is  formed  when  methyl  alcoholic  sodium  methylate  acts 
upon  )'-l)rom-dimethylacetoacctic  e^ter  (B.  30,  856). 

The  following  are  derivatives  of  fl-oxv-/i-oxobutyric  acid:  Xitromethylisoxatolon^ 

N —  O 

I    )  decomposing  at  1 23°,  results  when  oximidomethvlisoxasolon 
CH3.C.CH(N(>.)CO  i        b  ^  ' 
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midottftloaiil 


-.CUj.CO.- 


\s  oxidiied  wilh  niitic  acid  (B,  18,  2C 

CM  .  NH,.  CU,.  C^H,,  ii  produced  iu  liie  reduction  of  isonllrosoaceloacelic  est! 
vfiib  iluiDuiu  chloride  (B.  37,  II43|.  a- haiiiiramineacilooctlic  £iier.  CH,.  CO. 
CNa.(N,0,Na)CO,.C,H„U  only  known  in  ihe  fonn  of  iw  wdium  sail.  This  i 
produced  when  NU  acts  upon  acelaacetic  ester  disMilved  tn  Bkohi!!  in  the  preseuc 
of  »odium  clhylalc  (B,  18, 178J)  1  compnre  also  isonitramine  acetic  acid,  p.  361. 

B-Hydrexyl^ulims   Add,   CH,  .  CO.  CH,CHtOH)CO,H.  mells  at  103-104' 
and  fHydrexylTmlinic  AHd,  CH, .  CO.  CHiOH) .  CH, .  CO,ll,  is  an  oil.     They- 
■re  oblained  from  the  corresponding  bromla^ulinic  acids  {A.  064,  159). 

OxymttkyUntactt<H.!,tk€,ttr,  HO  .  CH  =  C<^^J?^^'.  boiling  at  95"  (21  mm.), 
resulu,  by  the  action  of  water,  from  Ethraymilkylrtit  Attloatitit  Estfr,  C,H,0 
ClI  =  C<^q' '^-^j^',  boiling  at  Hg-i'so"  (15  mm.).  This  is  produced  on  heat- 
ing ihe  reaction  product  of  oithoformic  ester  and  acetoacetic  ester  with  acetrc 
mihydride  (B.  aC,  1730).  Uxymelhylene  aieloacelic  ctler  is  a  strong  acid  (tee 
osymeibjleiie  acelylacetone,  p.  47S).  It  is  readily  soluble  in  alkaline  acetates  and 
insoluble  in  water.  The  ccppir  salt  iai^K%  at  156°.  Etboxymelhylene  acetoacetic 
ester  and  ammonia  yield  amUomelliyltm  aitleacetU  itter.  (C.HbO,)  =CH.NH,, 
inelling  at  55°,  and  it  eomhincB  with  aceloacelic  ester  to  melhtnythUaretBocclu  titrr, 
(C,H,0,}:  CH,  (C,H,0.),  meliing  at  gG".  Ammonia  changes  the  latter  10  lulidii._, 
dicarboiylic  ester,  vbile  sodium  methylate  converts  it  into  melaoijuTilic  acij' 
(private  communication  from  L.  Claiseny 

A>/<'^jfrflr^V^™/,CH,[CH,],CII[OIl]CH,-Cn,.CO[CH,],CO,n.    See 
oleic  acid,  p.  186. 

a-Maiiylexide  O-Jalii  Acid  (see  oletine  dikclotie  tatlioiylic  acids,  p.  4SJ). 


I 


L 
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Glyosyl  Carboxylic  Acid,  CHO.CO    rn,il.  is i„,( known.     C-'/tV^^fi/mayheB 
looked  upon  as  the  diurelde  of  Ihis  hnlf-aldehydeof  mesosalic  acid.      Diiseniln 
profionic  Arid.  Iin.NiCH.C:  N(OII)  .  COjII.  is  the  diojiime  of  Bly"?'  ' 
botylic  acid.     It  is  obtained  from  dibrompyroracemic  acid.     It  is  knovn  in  iwomodl^ 
ficaiioni,  ibe  one  meliing  at   143",  the  oihcr  at   i;!"  (B.  35,  909}.     Fmat 
iexylii  Acid,  0<ij  ;  ^i,      '    ,  melting  al  107°,  ia  the  anhydride  of  this  dioiime.  | 
It  results  from  ihe  onidailon  of  furoian-propionic  acid  wilh  KMnOj,    Sodium  hydro 
iile  causes  it  lo  rearrange  itself  into  cyanoximido -acetic  acid  (A.  aCo,  79  ;   R34,  11(17}. 

Muco-oxychloric  acid  and  muco-oxybmmic  acid  (A.  g,  14S.  I60)  are  probably  de- 
rivatives of  an  aldehvdo-kelonie  acid,  CHO  ,  CH, ,  CO ,  CO,H,  or  of  a 
rated  oayaldehydic  acid,  CHO  .  CH  =  C(OHlCO,n.  , 

GlyoKylprapionlc  Acid,  HCO .  CO .  CH, .  CH, .  CO,[l ,  is  formed,  along  wilbfl 
diacelyl,  when  /)d-dibromlKvulinic  acid  is  boiled  with  water.  It  \i  a'yellow  ctusl.f 
It  passes  into  anccinic  acid  upon  oxidation.  Its  fximi  'a  yt-diojjmido-valerit  >i"Vli| 
HC:N(0H).C:.N(OH).CH,  CH,.CO,H.meltingatl36<'.  Concentrated sul[ihuri<iJ 
acidchangcsilinlotheanhydride,/>.™Mff/™/jV«(V^m/.0.-^'.^jJ-*^''^^'-^°''*J 
melting  at  86°.  Sodium  hydroxide  eonverls  this  acid  into  fyatifxiniiiffliulyrit  a. 
[see  this),  while  with  potn.i«ium  permanganate  it  yields  furaiancarbox]  lie  icid. 
CO,H 

Qlyoxylisobutyric  Acid,  _        1  -melline  al  1 18",  is  obtained  fti 

'     '  '  CIIO.CO.CVCH,), 

OH  O CO 

ihe  isomeric  dioiyautyldimttkyl  acetic  arid  loctenr,  \/  |  ,  meltlDg  tX 

CH.CO.CICH,), 
iGX°.  by  repeated  prtcipitation  of  its  lioiiing  alcoholic  lolulion  with  water,  or  by  itai 
wlulion  in  soda  and  its  immediate  subsequent  precipitation  hy  hydrochloric  acid. 


484  ORGANIC  CHEMISTRY. 

The  lactone  was  obtained  on  treating  >'-methoxydimethyl  acetoacetic  ester  with 
bromine,  and  then  decomposing  the  mono-brom-substitution  product  with  water  (B. 
30,  856). 


II.  DIKETONE  CARBOXYLIC  ACIDS. 

Paraffin  Diketone  Dicarboxylic  Acids,  a/3-Diketo-  or  a/9-Diozo-but3nic 
Acid,  Cil, .  CO  .  CO  .  COjH.  This  acid  is  not  known  in  a  free  condition.  Two 
oximes  are  derived  from  it:  /soni/roso-acf/oai-efic  Ester,  CH^.  CO  .CiV{0H)C02' 
C,Il5,  melting  at  53°,  results  when  nitrous  acid  acts  upon  acetoacetic  ester  and  aceto- 
malonic  ester  (I^  20,  1327).  For  an  isomeric  isonitroso-acetoacetic  ester,  see  B.  28, 
2676  ;  29,  R.  997.  u  J-Di-isonitro80-  or  Diozimido- butyric  Ester,  CH, .  C  :  K- 
(()H).C::N(OII)CO,rjH5,  decomposes  at  I52*>.  It  results  from  the  action  of 
NHjOH  upon  isonitroso  acetoacetic  ester  (B.  25,  2552).  The  free  acid,  known  in 
two  modifications,  forms,  with  hydrochloric  acid,  a  lactone-like  anhydride — Ozimido- 

CHs.C.C:N(OH).CO 
methyl-isoxazolon,  il  I     ,  decomposing  at  132^. 

N. O.O.N 

Peroxid-di-isonitrosobutyric  Acid,         II,  11^  ,  melting  at  92®,  is 

CHjC C .  COjH 

produced  when  silver  di-isonitrosobutyrate  is  oxidized  with  nitric  acid  (B.  a8,  2683). 

CjUs .  NH  .  N :  C .  COjCjH, 

Phenylhydrazone-acetyl-glyoxylic  Ester,  I  ,  melt- 

CO .  Crl| 

ing  at  154°,  is  profluced  by  the  interaction  of  sodium  acetoacetic  ester  and  diazo* 

CjHj.NH.NiC.COjH 

benzene   salts.     Osazone-acetyl-glyoxylic  Acid,  .         '       ^        .  melt- 

■^    ^ -^  C4H5  NH.N-.C.CHj 

ing  ai    209°,  is  ohtainttd   from  phenylhydrazone-acetyl-glyoxylic  acid  and  phenyl- 

hv(lra/.ine  in  alcoholic  solution  (A.  247,  205).     f3)-Diketo-   or  /3}-Dioxy- valeric 

Acid,    CII, .  CO  .  CO  .  CU^ .  COjH.    ^Msoniiroso  Uxvulinic  Acid,    CHjCO .  C  :  N- 

(OlI )  .  CHj .  CO^H,  may  be  referred  to  this  acid,  unknown  in  a  free  condition.     It 

is  obtained  from   acetosuccinic  ester.     It   melts  at   119°,  decomposing  into  CO,  and 

methyl- J-oxiinidocthyl  ketone  (p.  326). 

Stearoxylic  Acid  and  Bchenoxylic  Acid,  already  described  (p.  288), are  a-diketone 
carboxylic  acids. 

Afcfvl  ryrora.emic  Acid  Ester ^  Acetone  Oxalic  Ester,  rt)'-diketo-  or  a>-dioxovaleri- 
anic  ester,  CH,  .  CO  .  CH.j .  CO  .  CO^CjHi.,  results  from  the  action  of  sodium  ethylate 
upon  acetone  and  oxalic  ester.  Ferric  chloride  imparts  a  dark  red  color  to  it.  The 
free  acid  condenses  to  .syni.  oxytoluic  acid,  CO2II  [l]  CgH,  [3.5](OH)CH,  (B.  22, 
3271).  Acetone  oxalic  ester  and  phenylhydrazine  yield  a  phenylpyrazole  carboxylic 
ester,  melting  at  133°   (A.  278,  278). 

The  hydroj^'en  in  the  acetoacetic  esters  can  also  be  replaced  by  acid  radicals.  This 
is  accomplished  by  actin«(  np  )n  the  dry  sodium  compounds  (suspended  in  ether)  with 
acid  chlorides.  The  ]>roducts  are  diketone-monocarl)oxylic  esters.  Thus  acetyl 
chloride  I  B.  17,  R.  604)  produces: 

Acetyl  Acetoacetic  Ester,  CjH/) .  CIKCjHgO) .  CO, .  CjHj.  or  Diaceto- 
acetic  Ester,  l)oiling  at  122-124°  (50  mm.).  Its  ester  is  produced  when  alcohol  acts 
upon  the  pro(liict  obtained  from  AICI3  and  acetyl  chloride  (CH5C0),CH.  CCl,OAl- 
^'2  ^V-  3-^3)  (Custavson,  \\.  21,  R.  252).  It  is  broken  up  by  water,  even  at  ordinary 
temperatures,  into  acetic  acid  and  acetoacetic  ester.  Sodium  ethylate  displaces  an 
acetyl  grouj)  in  it,  formmg  acetoncetic  ester  and  sodium  acetoacetic  ester. 

Methyl  diacetoacctic  ester  and  ethyl  diacetoacetic  ester  are  only  volatile  without 
decomposition  under  diminished  pressure. 

Acftonyl  Acetoacetic  Ester,  CH, .  CO .  CH, .  ^^<Cqq^I\^  'S  produced  by  the 

action  of  chloracetonc   CTT, .  CO .  CIT,C1,  upon   acetoacetic  ester.     It  forms  pyro- 
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triune  eiler  {B.  17, 1759)  villi  rumiiig  byilcochloric  acid.     On  healing  ihe  1 
water  to  160°  C,  acctoDjI  acetone  rcsulls  {p.  32JJ. 

UnsatuiBted  Diketone  CMboxyUc  Acids,  ^Mt!iO'bii,ioxa/ict1nii,f^^'^^>C  = 
CH.CO.C[l,.CO.CO,H,  melts  wilh  decomposilion  at  l66<'.  Caustic  potaili 
liberates  it  from  ehbei  its  fli}// rfAfr,  mclliiig  at  59°  and  boiling  at  143°  [ll  mm.), 
or  its  mtthyl  ilher,  melliog  Ht  67°.  On  allowing  wdiupi  in  ctber  lo  act  upon  molec- 
ular quantities  of  mesilyl  oiide  and  oxalic  esler,  then  acidulaling  with  dilute  sul- 
phuric acid  and  dialilling,  a  mimure  ot  a-  and  ^mesilyloxidoialic  eUers  results,  ll 
can  be  separated  hy  means  of  a  sodium  cari<onBle  solution,  in  which  the  a-ither 
alone  is  soluble.      Ferric  chloride  larns  this  a  blood  red. 

a-MaitylMidoxalk  Add,  ^[J'>C  =  CH  -  CO,  CH  =  C(OH)CO,H.  melting 
97°,  is  obtained  bf  the  action  of  aqueous  potash  on  iu  ifhyt  ilArr,  melting  al 
or  iis  mtthyttlhtr.  melting  at  Sj°  (A.  zgi,  III,  137). 


\2.   MONOXYDICARBOXYLIC  ACIDS. 
A.  MONOXVPARAPPIN  DICARBOXYLIC  ACIDS,  Ci>H;4<-i(OH)(CO,H)t. 

Numerous  saturated  monocarboxjiic  aciJs  are  known:  iIjus,  ihftl 
oxymalonic  acid  group  corresponds  to  the  malonic  acid  grwup,  oxy- 
succinic  acid  group  to  the  ethyl  succinic  acid  group,  oxyglutaric  acid 
group  to  the  gkitaric  acid  group,  etc. 

It  may  be  mentioned  here  that  there  are  many  representatives  of 
these  acids  in  which  the  hydroxyl  group  occupies  the  T'-position  with 
reference  to  the  carboxyl  group,  and  these  acids,  when  separated  from 
their  salts,  readily  part  wilh  water  and  become  lactones.  In  general, 
the  alcoholic  hydroxyl  group  is  introduced  into  the  diba-sic  acids,  just 
as  it  is  done  in  the  case  of  the  monobasic  acids.  The  reaction  leading 
to  the  alkylized  jaraconic  acids  (p.  491)  is  worthy  of  mention.  It  is  ai 
condensation  reaction  helween  aldehydes  and  succinic  acid  or  monoJ 
alkylic  succinic  acids  (p.  444). 


\ 
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Tartronic    Acid,    Cll(0!I«^p-[J,    OxymalonU   Add   {Prepanol- 

diaciil\  is  produced:  (i)  Fnim  glycerol  by  oxidation  wilh  potassium 
permanganate ;  (i)  from  chlor-  and  brom-malonic  acid  by  the  action 
of  silver  oxide  or  by  saponifying  their  esters  wilh  alkalies;  (3)  from 
trichlorlacttc  acid  when  the  latter  is  digested  wilh  atkalies(B.  18,  754, 
1852);  (4)  from  dibrompyroracemic  acid  when  digested  with  baryta 
water;  (j)  from  raesoxalic  acid  by  the  action  of  sodium  amalgam. 
(6)  Nucleus  synthesis :  from  glyoxylic  acid  by  the  action  of  CNH  ai 
hydrochloric  acid,  and  by  the  s|x)ntaneous  decomposition  of  niti 
tartaric  acid  and  dioxytartaric  acid. 

lis  formation  from  nilro-lartaric  acid,  described  in  1854 
saignes,  has  given  it  the  name  tartronic  acid. 


QgJ 
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Tartronic  acid  is  easily  soluble  in  water,  alcohol,  and  ether,  and 
crystallizes  in  large  prisms.  When  pure,  it  melts  at  184°,  decomposing 
into  carbon  dioxide  and  polyglycollide,  (C,H,0,)x  (B.  18,  756). 

The  calcium  salt,  CaHjOjCa,  and  barium  salty  CjHjOjBa  +  2H,0, 
dissolve  with  difficulty  in  water,  and  are  obtained  as  crystalline  pre- 
cipitates. The  fih\l  ester,  C8H,05(C,H5),  (see  above),  is  a  liquid  boil- 
ing at  222-225°.  '  The  acetate,  CH,CO .  OCH(CO,C,H5)„  boils  at 
158-163*^  (60  mm.)  (B.  24,  2997). 

XitromaUmU  Ester ^  NO, .  CH(C0,C,H5),,  is  an  oil  (B.  23,  R.  62).  Dimethyl  ni- 
tromalonafuide,  NOjCHlCONHCHj),,  melts  at  1560  (B.  a8,  R.  912). 

Fuhnifiuric  acid  is  also  a  derivative  of  nitromalonic  acid  (p.  238). 

AmidoiHalonic  Acidy  NH,.  CH(CO,H),,  consists  of  glistening  prisms.  It  results 
from  the  reduction  of  oximidomalonic  acid  (see  this).  When  its  aqueous  solution  is 
healed,  this  body  breaks  down  into  CO,  and  glycin  (p.  354).  Its  amide,  NH,OH- 
(C()NII,)j.  warty  crystals,  is  formed  when  alcoholic  ammonia  at  130®  acts  upon 
chlormalonic  ester. 

Imidomalonylavtide^  NH[CH(CONII,),],  (B.  15,  607)  is  produced  at  the  same 
time.     Its  ftitti/t-,  NH^CF^CN),,  is  a  polymeride  of  prussic  acid  (p.  230). 

Alkylic  Tartronic  Acids. — Methyl  Tattronic  Acidy  Isomalic  Acid,  a-oxyisosuc- 
cinic  acid,  CHjC(OH)(CO,H),,  is  obtained  (l)  by  the  action  of  silver  oxide  upon 
bromisosuccinic  acid;  (2)  when  prussic  acid  acts  upon  pyroracemic  acid;  (3)  from 
diacctyl  cyanide  (p.  370)  by  the  action  of  fuming  hydrochloric  acid  (B.  a6,  R.  7;  27, 
K.  510).      The  acid  breaks  down  into  CO^  and  lactic  acid  when  it  is  heated  to  140®. 

Ethyl  Tiirtronic  Aiidy  C.^\\^Q{0\l)(CO^\\)^,  is  formed  (l)  on  boiling  ethyl  chlor- 
malonic e^ter  with  baryta  water  (p.  442);  (2)  from  dipropionyl  cyanide  (p.  371)  ; 
(^)  l)y  the  action  of  ethyl  iodide  upon  sodium  acetartronic  ester  (B.  24,  2999). 
ll  nu'lt>.  at  98°,  and  when  heated  higher  breaks  down  into  CO,  and  a-oxybutyric  acid. 
/Vv'/j/  Tartronic  A. id,  CH3 .  CIl, .  CH,  .  C(OH)  .  (CO^H), -f  Hp,  melts  at  52- 
56°,  antl  Isopropyl  Tartronic  Acid  decomposes  at  149°.  They  are  formed  by  the 
baponilicalion  of  dibutyryl  and  diisobutyryl  dicyanide  (p.  371). 

</  Amidoisosniiitiic  Acid,  ^  H3.  C(NIl2)(COOn),,  results  when  pyroracemic  acid 
is  acted  upon  with  (Nil  and  alcoholic  ammonia  (B.  20,  R.  507). 

^  Oxyisositccniic  Acid,  ClIjOH  .  CH(CO,H),.  Its  ethyl  ether,  C,HjOCH,  .  CH- 
(CO^II  Uj,,  has  been  ol>tained  from  methylene  malonic  ester  (p.  456)  by  the  action  of 
alcoholic  potasli  {  H.  23,  R.  194) 

;  Oxyalkylic    Malonic   Acids. — The   following  y-oxymalonic  acids   are   only 

known  in  the  form  of  alkali  or  alkaline  earth  salts.     These  are  produced  when  the 

corresponding  }-lact<nie  carboxylic  acids  are  treated   with  caustic  alkalies  or  the 

hydrates  of  the  alkaline  earths.     The  y-lactonic  acids  can  easily  be  got  from  these 

salts ;  these  salts  are  produced  by  treatment  with  carbonates. 

CHj.  CIl, .  CH.COjH  . 
Ihttyrolactonen-iarboxyhc  Acid,    \  '    \^  ,  is  prepared  from  brom- 

ethyl  malonic  acid,  P»rCH, .  CII.^  .  Cl^COjH).^,  meUing  at  117°.  This  is  the  hydro- 
bromide  addition  product  of  vinaconic  acid,  the  trimelhylene-I-dicarboxylic  acid, 
when  it  i'^  heatt  <i  with  water  ;  also  on  digesting  the  latter  w  ith  dilute  sulphuric  acid 
(A.  227,  13).  Heated  to  120°,  bulyrolactone  carboxylic  acid  breaks  down  into  CO. 
and   bulyrolactone  (p.  345).      The  f^henyl  ether  of  oxyethyltartronic  acid,  CjHjO.- 

CH, .  CII2  .  ^'H<^.|j-^J},  melts  at  142°  (B.  29,  R.  286). 

CH3.CHj.C(CHj)C02H 
a- Met/iylbutyrolactonea  carboxylic   Acid,     1  1  ,  melting  at 

oS°,  results  when  brom  ethyl  isosuccinic  ester,  the  reaction  product  of  ethylene 
bromide  and  sodium  isosuccinic  ester,  is  treated  with  baryta  water  and  then  acidulated 
(A.  294,  89). 


OXVSUCCIMC  ACID  <iROUP. 

a-Cnthovaltralailane  CarbeiyHc  Acid,  ^-Melhylbulyrolitulone-a-carboxyliG  i 
CHj   CH,CH,.CHCO,H  ,       , 

t  I  ,  resulli  when  allyl  mnlanic  acid  is  ncled  upon  with  Yt 

II  breaks  down  bi  ioo"  into  CO,  and  j--vaietolaelotic  (p.  34$)- 


I 


I 
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OXYSUCCINIC  ACID  GROUP. 

Malic  Acid,  Oxyelhykne  Succinic  AdJ {^Acidum  malicum\\Butanot\ 
,       Ha»CH.  CO,H       ,,,..,  .  , 

aiaad\,  L.,    p„  „■     Malic  acid  containsan  asymmetric  carbt 

atom;  it  can  occur  in  three  luodilicatious:  (i)  a  dextro-rotatory 
form,  (2)  a  laevo-rotatory  form,  and  (3)  an  inactive  [d  +  I]  variety. 
This  is  a  compound  of  equal  molecules  of  the  dextro-  and  lEvo-rotalory 
modifications.  I 

The  laevo-variely  occurs  free  or  in  the  form  of  salts  in  many  plantfl 
juices,  hence  11  is  frequently  spoken  of  as  ordinary  malic  acid.     It  in 
found  free  in  unriiw  apples,  in  grapes,  and  in  gooseberries,  also  in  I 
mountain-ash  berries  {Sorbits  aucuparia)  and  in    Berben's  vulgaris. 
It    is  obtained  from  the  last  two  sources  by  means  of  ihe  calcium 
salts  (A.  3S,  357;   fi.  3,  966).     Acid  potassium  malatc  is  contained 
in  the  leaves  and  stalks  of  rhubarb. 

HisUriinl. — Ordinary  malic  add  was  disco»ercd  in  1785  by  Scheele  i. 
goosebFrries.  Liebig  ascerliUDed  ill  conipoailion  in  1S32.  Pusleur,  in  iSji.  ob-l 
l^ined  inoclive  tniLlic  add  rram  inaclive  ns[iartic  acid,  and  Kekult  {1S61)  made  iti 
from  bromsucdnic  acid.  The  dcitro-acid  was  Hist  obtained  by  Bremer  in  ibe  reduc-f 
lion  of  deilro-lartaric  acid. 

Farmatian  of  Oflically  InacHvi  or  fd  -(-  1]  MaH<  Acid,  melliag  ai  130° 
169S) : 

1.  From  the  monoammooinm  salt  of  Ixvd-,  and  deilromalic  acid. 

2.  By  healing  fumaric  acid  to  150-200"  with  water. 

3.  Wbenrumiricormitleicadd  is  healed  with  caustic  sods  (o  100°  (B.  IS,  2713). 

4.  By  ireating  monobromauccinic  acid  wilh  srlver  oiide  and  water,  with  water 
alone,  wiib  dilute  bydrocliloric  acid,  or  with  dilute  sodiiun  hydroxide  at  ioo°  (fi.  34, 1 
R.  970). 

5.  By  the  action  of  N,0,  upon  inaclive  aspaclic  acid. 

6.  By  the  reduclion  ol  racemic  acid  with  hydriodic  acid. 

7.  \Vhen  oxalacelic  ester  is  reduced  with  sodium  amalgam  in  acid  solulian  (B.  fl 
34,3417;  *5-2448)- 

8.  By  the  action  of  caustic  potash  upon  the  transposition -product  of  CNK  M 
^-dichlo [propionic  ester. 

9.  By  saponifying  the  esters  of  cbiorethaae  tricarboxylic  acid. 
to.  When  cau^c  potash  acts  upon  ;-trichlor-d-oxybulyric  acid,  CCI,CH  .OH  .  •] 

CH,.CO,H.lhe  reactior-pioduct  of  glacial  acetic  acid  wiih  chloral  and 
aeid(B.  15,  794>, 

The  identity  of  the  adds  from  1  to  6  has  been  proved  by  niea»«  of  the  well-crynal- 1 
tiled  mona-ammonium  salt,  C.H^OgNH,  +  K,0.  of  the  inactive  acid  (B.  18,  1949,  I 
2170). 

Formation  of  the  lavo-  anil  ittxtro-  forms:  Racemic  acid  can  bel 
reduced  to  inactive  malic  acid,  which  cinchonine  will  resolvt 
salts  of  the  two  acids  (B.  13,  351  ;  18,  R.  537).  The  dextro-acid  hail 
also  been  obtained  by  the  reduclion  of  ordinary  or  dextro-tart.iric I 
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acid  with  hydriodic  acid,  and  by  the  action  of  nitrous  acid  upon 
dextro-aspartic  acid,  whereas  l-asparagine  and  1-aspartic  acid  yield 
ordinary  or  1-malic  acid  (B.  28,  2772).  To  convert  the  two  optically 
active  malic  acids  into  each  other  it  is  only  necessary  to  treat  the 
chlorsuccinic  acids,  obtained  from  them,  with  moist  silver  oxide 
(Walden,  B.  29,  133). 

Properties. — Malic  acid  forms  deliquescent  crystals,  which  dissolve 
readily  in  alcohol,  slightly  in  ether,  and  melt  at  100°. 

Deportment. — Natural  malic  acid  shows  the  following  reactions: 
(i)  When  heated  for  some  time  to  140-150®,  the  principal  product  is 
fumaric  acid  ;  heated  rapidly  to  180°,  it  decomposes  into  water,  fumaric 
acid,  and  maleic  anhydride  (p.  459).  (2)  Succinic  acid  is  formed  by 
the  reduction  of  malic  acid.  This  is  accomplished  by  the  fermenta- 
tion of  the  lime  salt  with  yeast,  or  by  heating  the  acid  with  hydriodic 
acid  to  130°  (p.  443).  (3)  When  it  is  warmed  with  hydrobromic 
acid,  it  forms  monobrom-succinic  acid.  PCI5  at  the  ordinary  tem- 
perature converts  1-malic  acid  into  d-chlorsuccinic  acid,  which  moist 
silver  oxide  changes  to  d-malic  acid.  (4)  Coumalic  acid  (p.  496)  is 
produced  when  malic  acid  is  heated  alone  or  with  sulphuric  acid  or 
zinc  chloride.  (5)  The  coumarines  are  produced  when  the  acid  is 
heated  with  phenols  and  sulphuric  acid.  This  result  is  probably  to 
be  exi)lained  by  assuming  that  the  malic  acid  first  changes  to  the  half- 
aldehyde  of  malonic  acid,  CHO .  CH, .  CO^H,  and  this  then  con- 
denses with  the  phenols  (B.  17,  1646). 

Salts  of  the  Inactive  Acid :  Mono-ammonium  ma  late,  C4HJO4NH4  -|- 
HaO  (B.  18,  1949.  2170).  The  diethyl  ester,  C,H3(OHj(CO,C,H5)„ 
boils  at  255"^  (B.  25,  2448). 

Salts  of  the  Lrjoacid^  in  ii  lutes  :  The  primary  ammonium  jfl//,C^Hg(NH^)05,  when 
exposed  to  a  temperature  of  160-200°,  becomes  fumarimi</e,  C^HjOj  .  NH  (A.  339, 
159  Anin.). 

Xeuttal  Calcium  Afalnte,  CJI^O^Ca  -|-  H,0,  separates  as  a  crystalline  powder  on 
boiling.  The  acid  salt,  (C^H503)2Ca  4-6H2O,  forms  large  crystals  which  are  not 
very  solul)le  in  cold  water  (B.  19,  R.  679). 

SoMuPu  Brommalaie  (from  the  acid,  CJI^RrO^)  is  formed  when  the  aqueous 
sohitioD  of  sodium  dibromsuccinate  is  boiled;  miiiv  of  lime  transforms  it  into  tartaric 
acid. 

\- Malic  Ethers  and  Esters:  The  dialkylic  esters  when  slowly  heated  pass  into 
fumaric  esters  [W.  18,  1952),  while  PCl^  and  PBr^  changes  them,  in  chloroform,  to 
d-chlor   and  d-brom-succinic  esters  (p.  451). 

The  optical  rotatory  power  of  some  of  these  esters  has  been  determined.  They 
are  Ix'vorotatory  (B.  28,  R.  725  ;  29,  R.  164,  C.  1897,  I,  88):      # 


1  Malic  Methyl  Ester    boils  122°  (12  mm.);  «[r)' 

1  Malic  Ethyl  Ester  "     129°  (12  mm.);  n[v\ 

l-Malicn-propyl  Ester     **     150°  (12  mm.);  a[n' 

1-Malic-n-butyi  Ester       "     170°  (I2  ram.) ;  a[D' 


—6.883,  iT/fD]  =  11.15 
— 10.645,  il/fl)|  =  20.22 
—  1 1. 601,  A/[d1  =  25.29 
—10.722,  it/[i)j  =  26.38 


Triethyl  Ester,  C.,H,0  .  QH^iCOjC^H^),,  boilsat  IIS-I20°  (15mm.)  (B.  13,  I394). 
Acetyl  Malic  Acid,  CH^CO  .  OCjU^iCQ^H),.  melts  at  I.12«>. 

Acetyl  Malic  Dimethyl  Ester,    CHj,CO .  0*C2H3(COjCHj)„  when   carefully  dis- 
tilled at  the  ordinary  temperature,  yields  fumaric  dimethyl  ester.    Acetyl  Malit  Anhy- 
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i/rn/f.CH,.  CO,  OC^ir,(C,0,),  mciling  U  53-54°  «iiii  boiling  >t  l(«>-l6l-  (14  mm,). 
decompOMS  when  distilled  >I  Ihe  ordinary  leoiperalurE  ialo  maletc  anhydride  >nd 
acetic  acid  (A.  354,  166).  J 

Acetyl-I-malicnielliyleslerboili  Hi  lja°  (11  mm.);   a[ti]  =  —32.864,  MTd']  =M 
—46.64.  I 

Acetyl-1-maIic  ethyl  ester  boiU  W  141°  (12  mm.);  o[ri]  =  —22.601,  Af[D}  ^T 
-5^.43-  ■ 

PropioDyl-l-mBlicmelhyl  ester  boils  at  I42''(12m[n,) ;  a[D]  — —23.08,  Jlflv]  = 
-50-31- 

Amii/t!  4  Lina-malic  Add:  Elhyl  Malamaie,  C,H,(OH)<^°  '  ^^^  ,  \t  ob- 
tained by  leading  ammonin  into  the  alcoholic  solulion  of  malic  eiler ;  it  formi  a  cryi- 
lulline  muss, 

Malamide,  C,H,0,N„  ia  farmed  by  tbe 

.H),. 

e  produced  wben  PCl,  and  PBi^  act  upon 

AMIDO-SUCCINIC  ACIDS. 

Asparlk  acid  beare  Ihc  same  relation  to  malic  and  succinic  acids  as  gtyc 
bears  to  glycollic  acid  and  acetic  acid ;  bence,  it  may  be  called  amido-succiuic  S' 

NH, .  CH,CO-H  HO  ,  CH, .  CO.H  CH, .  CO.H 

GlycocoJI  Glycollic  Acid  Actlic  Acid 

NH,.CH.CO,H  HO.CH.COjH  CH,.CO,H 

CH, ,  CO,H  CH, .  CO,H  CH, .  CO.H 

AmidHucciiiic  Acid  Malic  Add  Succinic  Add. 

Amidosticcinic  acid  contains  an  asymmetric  carbon  atom.  Like' 
malic  acid,  it  can  appear  in  three  modifications.  The  l-amido-suc- 
cinic  acid  or  Ifevo-asparticacid  is  the  most  imporlant  of  these. 

Inactive  [d -f  1]  Aspartic  Acid,  Asparacetaic  Add,  NH,C,H,(CO,H)„  ii 
produced  : 

(1)  By  [be  onion  □(  I-  and  daspartic  acids, 

(2)  On  heating  active  aspartic  acid  (a)  with  water,  {t)  wilb  alcoholic  inimonia  U 
140-150",  or  (c)  witb  hydrochloric  acid  to  170-180"  (B.  ig,  1694), 

i3)  When  fiunarimide  {p.  4SS)  is  boiled  with  hydrochloiic  acid, 
4)  On  heating  (umark  and  maleic  acids  with  ammonia  (II.  ao,  R,  557;  II 
R,  &441. 

{51  By  evaporating  a  solution  of  hydioxylamine  fumaiate  (D,  ag,  1478). 
(6)  By  reducing  □  xim id o -succinic  ester  with  sodium  amalgam  (B.  it,  R.  J51)- 
Lilie  glycDColl,  it  combines  with  nikalies  arvd  acids  yielding  salts. 
Nitrous  acid  changes  it  lo  inactive  malic  acid. 

[d  +  \iafiiyi  Aifar/fc  E0rr,  NH,,  C,H,{CO,C,H,)„  l«iling  at  i50-«54' 
(25  mm.),  is  produced  on  heating  fumnric  and  maleic  esters  with  alcoholic  ammoait 
[B.  ai,  R.  86>. 

CII.CO,C,H, 
'■  tn,.  Ci),H 

formed  by  the  reduction  of  a-oximido-succinic  monelhyl  ester  and  the  diethyl  oi< 
imido-OKalacelic  ester.  Ammonia  converts  it  into  inailhv  a-asparagine  (coDstituIioo, 
compare  p,  491). 


Ethyl  a-Asparlie  Ester,  NH,.  r         r     »  '"  "^'''"B  "  '^5°  (decomposition), l» 
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CH,.CO.C,H.  ,     , 

Ethvi  SAspartic  Ester.  i  ,   melts  with   decomposition    at 

'  ^  NII,.CH.CO,H         '  *^ 

about  200*^,  And  is  also  olxaiued  from  the  oxime  of  oxalacetic  ester  by  reduction  with 

sodium  amalgam.     A  {>artial  saponification  occurs  at  the  same  time.      Ammonia 

converts  it  into  the  two  optically  active  asparagines^  which  are  therefore  /9-amido- 

succinamic  acids. 

NH,  .  CII .  CONH, 
[d  -f  I]  a-Asparagine,  i  ,  decomposes   at   213-215®   without 

melting,  and  results  from  asparaginimide,  aspartic  diethyl  ester,  and  a-aspartic  mon- 

etbyl  ester  on  treating  them  with  concentrated  ammonia. 

NHj.CH.CO  

Asparaf^inimide^  \         ^   >NH  (?),  consists  of  needles,  which  char  at 

V.   I  1  a   •    V^  V>/ 

about  250°.     It  is  produced  wnen  ammonia  (B.  az,  K.  87)  acts  upon  bromsuccinic 
ester. 

PhenylasfHirti.  Acid,  C.HjNH  .  CH(CO,H)CH,  .  CO,H,  melting  at  131*,  is 
fonned  from  the  action  of  bromsuccinic  acid  upon  aniline.  Phenylasparaginanil^ 
CsIIjNIICjIIsCsO, .  XCfllj,  melts  at  2io^  It  results  on  adding  aniline  to  maleln- 
anil  (A.  239,  137). 

.     A      .1    CH(NII,).CO,H  .       ,        .  i_     .      J 

1-Aspartic  Acid,  \      ^.^  „         ,  occurs  in  the  vioasse  obtained 

'from  the  beet  root,  and  is  procured  from  albuminous  bodies  in  various 
reactions.     It  is  prej)ared  by  boiling  asparagine  with  alkalies  and 

acid.s  (H.  17,  2929). 

Naturally  occurring  aspartic  acid  is  Kvvo-rotatory  ;  it  crystallizes  in  rhombic  prisms 
or  K*atle(<,  and  dissolves  with  difficulty  in  water.  Nitrous  acid  converts  it  into  ordi- 
n.iry  1-malic  acid  (B.  28,  276<)). 

s\' Aspartic  Acid  is  prmluccd  when  dasparaginc  is  boiled  with  dilute  hydrochloric 

acid  (\\.  19,  1694). 

CHj.CONH, 

1-  and  d-Asparagine,      .    euro  11        "^  ^^      ^'"^  ^^^  monam- 

ides  of  the  two  optically  active  aspartic  acids,  and  are  isomeric  with 
nialamide. 

IliitoricaL — As  early  as  1805  Vauquelin  and  Robicjuet  discovered  the  laevo-aspara- 
Ijinc  in  as])aragus.  Liebig,  in  1833,  established  its  true  composition.  Kolbe  (1862) 
was  the  first  to  regard  it  as  the  amide  of  amidosuccinic  acid.  Piutti  (1886)  discov- 
ered dextro-asparagine  in  the  sprouts  of  vetches,  in  which  it  occurs  together  with 
much  l.vvo-asparagine. 

Ljcvo-asparagine  is  found  in  many  plants,  chiefly  in  their  seeds;  in 
asparagus  (^Aspara^us  officinalis),  in  heel-root,  in  peas,  in  beans,  and  in 
vetch  sprouts,  from  which  it  is  obtained  on  a  large  scale,  and  also  in 
wheat.  The  Icevo-  and  dextro-asparagineS  not  only  occur  together  in 
the  sprouts  of  vetches,  but  they  are  found  together  if  asparaginimide, 
produced  from  bromsuccinic  ester,  is  heated  to  100®  with  ammonia, 
or  by  the  action  of  alcoholic  ammonia  upon  ^^-aspartic  ester  (B.  20, 
R.  510;  H.  22,  R.  243).  Dextro-asparagine,  from  the  sprouts  of 
vetches,  has  been  produced  on  heating  maleic  anhydride  to  no®  with 
alcoholic  ammonia  (B.  29,  2070). 


CONSTITUTION   OF  THE  ASPARACINES. 
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Both  optically  active  as|jaragitica  crystallize  in  rhumbic,  right  aiuJ 
left  hcmihedral  crystals,  which  dissolve  slowly  in  hot  water,  in  alcohol 
and  ether,  but  they  are  not  easily  soluble.  It  ts  not  possible  for  them 
to  combine  in  aqueous  sulution  to  an  optically  inactive  as[>aragine. 
It  is  remarkable  that  the  dextro-asparagine  has  a  sweet  taste,  while  the 
lavo-form  possesses  a  disagreeable  and  cooling  taste.  Pasteur  assumes 
that  the  nerve  substance  dealing  with  taste  behaves  toward  the  two 
asfiaragines  like  an  optically  active  body,  and  hence  reacts  differently 
with  each. 

CtHililuHoH  of  Ihi  AiparagiHn. — When  ibe  oxime  of  onalacelic  ester  is  reduceJ 
willi  Mtitium  amalgain,  either  a-  at  ^.elhyl-aroido-snccinic  ucid  is  forniEd  with  a  par. 
liil  siiponilicBlian,  depeading  upon  the  conditions  of  the  reactiuti.  Tlie  coiistilution 
of  )be  □  acid,  melting  at  165*,  fDlIows  frcini  its  formaiion  by  (be  reduction  nf  lb«  two 
probable,  spacial  isomeric  oiimidosuccinic  ethyl  esler  acids,  wbicb  split  olT  CO,  and 
yield  a-otimidopropioQic  acid  (p.  371).  Hence,  it  miLy  be  inferred  that  the  acid 
melting  with  decomposition  at  200°  contains  the  amido  group  in  the  ^-]iosition  with 
releience  to  the  cartnxethjl  group  (B  aa.  R.  241).  Ammouia  conierls  bolb  acids 
into  their  corresponding  amido-actds.     We  obtain  inactive  n-aspari^ine  from  (be 


□  acid,  and  fmm  (he  ^-acid  a 


e  of  the  two  optically  actiie/3-asparagincs  results: 


I 

I 


CO,C,H, 
i=NOH 


CO,C,Hi 
CHNH,  - 

■;"■ 

/    CO,H 

/       m.,.lfc» 
\      CO,H 
■^   (!:HNH, 

CQ,C,H, 


CON'H, 

CH, 
CO,H 

CO,H 
t^HNH, 

CONH, 


CO,  ,  C,H, 
C  =  N(OH)r 

CO,H 
Ethyl  Oxlmido- 


CO,C,Hj 
|it^^N{OH) 

<!:h, 


a-Asparai!i..e. 
'   results  from  the  w 


ID  of  all 


CH, .  CO,H 

upon  potassium  amidotuniBramidate  (C.  iSg/,  I,  364). 

Malic  Acid  HomologucE  are  formed:  by  the  addition  of  brdrocyanic  acid  to 
0-keionic  esters;  by  the  addition  of  CIOH  to  alkylic  malcic  acids  and  subsequent 
reduction  ;  and  by  the  reduction  of  allijlic  oialaceLic  esters. 

CH,C(OH)CO,H 

a-Oj-,i'///»^d/-/ijrii-.<fji/,CilramnlicAcid,  n-Methyl  MalJcAcid,  j  ■ 

melting  at  119",  is  produced  (I)  in  the  osidation  of  isovaleric  acid  (p.  248)  with 
nitric  acid  ;  [zi  from  acetoacciic  esltr  by  means  of  CNH  and  HCl.  and  (j1  by  tbe 
reduction  of  chlorcilramabc  acid,  the  addition  product  resulting  from  the  union  of 
CIOH  to  citraconic  acid,  ll  lirealis  down  at  about  Zoo"  into  water  and  citraconic 
anhydride  |B.    15,    196).     (i-AtiiiJafyrolarlarii:  Acid,   [d  -I-  I]  bomoaspartic  acid, 

'  *  I         '        '      4-  H.O,  melts  when  anhydrous  at  166°.     Its  dlamide  results 
CH,CO,H         ^      '    ■  ' 
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from  the  action  of  ammonia  upon  ita-,  citra-,  and  mesaconic  esters  (B.  ay,  R.  121). 
When  it  crystallizes  it  splits  into  the  d-  and  1- acids. 

«....,  ^       ..   CH,.C(NHC,H.)CO,H 

P-Amhdopyrotartarit  Aad,  1,        ^1  „  »    melting  at    135**,  results 

from  the  rearrangement  of  the  HCN-addition  product  of  acetoacetic  ester  with 
aniline,  and  the  subsequent  saponification  with  caustic  potash.  When  heated,  it 
passes  into  /?-anilidopyrotartranil  and  citraconanil  (A.  a6i,  138). 

CH, .  CH  .  CO.H 

P' Methyl  Mahc  Add,  ^TT/nw\   rc\  H*  **  *  colorless  syrup,  readily  solu- 

ble in  water,  in  alcohol,  and  in  ether.  It  is  formed  when  methyl  oxalacetic  ester  is 
reduced  with  sodium  amalgam,  and  in  an  active  1-  form  from  a  citraconic  acid  solu- 
tion by  the  action  of  a  fungus  (B.  ay,  R.  470).  Mesaconic  acid  and  citraconic  anhy- 
dride (B.  25,  196,  1484)  are  produce<l  when  it  is  heated. 

C  H.C(OH)CO,H 

a,pMethyl  Ethyl  Malic  Acid,         *  i  „  „'  „  '     ,  melts  at  131.5-132*  (B.  a6, 

R.  190). 

Trimethyl  Malic  Acid  melts  at  155^  (lo  sec.  i^),  and  is  obtained  from  dimethyl 

acetoacetic  ester  with  prussic  acid,  with  subsequent  saponification  by  hydrochloric 

acid  (B.  29,  1543,  1619). 

(CH,), .  CH  .  C(OH) .  CO,H 
hopropyl  Malic  Acid,  \  ,  from  brom-i»melic  ester  (A. 

CH, .  CO,H 

267,  132),  melts  at  154®. 

Paraconic  Acids  are  >--lactonic  acids.     Like  the  ^-oxyalkylic  malonic  acids,  they 

are  converted  by  nlkalies  and  alkaline  earths  into  salts  of  the  corresponding  oxy- 

succinic  acids.     When  the  latter  are  set  free  from  their  salts  they  immediately  break 

down  into  water  and  lactonic  acids.     The  alkylic  paraconic  acids  are  formed  when 

sodium  succinate  or  pyrotartrate   and   aldehydes  (acetaldehyde,  chloral,  propionic 

aldehyde)  are  condensed  by  means  of  acetic  anhydride   at   100-120^   (Fittig,  A. 

255,  I): 

CIL.CO.H       CH,.CH CH.CO,H 

^  ^  CII, .  CO,H  O  .  CO  .  CH,  ^      * 

Succinic  Acid  Methyl  Paraconic  Acid. 

Paraconic  Acid,    1    *  ^^\\   ,   is    best    prepared    by    boiling    itabrom- 

o (I:o 

pyrotartaric  acid  with  water  and  acidulating  the  calcium  salt  of  the  corresponding 
oxysuccinic  acid — itamolic  acidy  formed  on  boiling  itachlorpyrotartaric  acid  with  a 
soda  solution.  It  melts  at  57-58°.  When  boiled  with  bases,  it  forms  salts  of 
itamalic  acid  ;  it  yields  citraconic  anhydride  when  it  is  distilled  (A.  2x6,  77). 

CH, .  CH  .  CO,H 
Pseiidoitaconanilic  Acid,  }'-anilidopyrotartro-lactamic  acid,  |  \  , 

CjHjN.CO.CH, 
melting  at  190°,  is  formed  from  itaconic  acid  (A.  254,  1 29),  by  the  addition  of  ani- 
line, and  the  lactam  formation. 

CII3CH CH.CO-H         ,  „      .      „„ 

Methyl  Paraconic  Acid,  1  1  ,  melts  at  04.5^.     When  dis- 

^  O.  CO.  CII,  ^ 

tilled,  methyl  paraconic  acid  yields  valerolactone,  cthidene  propionic  acid  (p.  283), 
methylitaconic  acid,  and  methyl  citraconic  acid  (B.  23,  R.  9I). 

CCl  .  CH CHCO  II 

Trichlormethyl  Paraconic  Acidj        ^   )     r      A         '    .melting  at  97®,  is  changed 

by  cold  bar)'ta  water  into  isocitric  acid  (see  this). 


OXVCLUTARIC  ACID   GROUP. 


Ethyl  Paraconic  Acid, 


C,H..CH,CH^CO,H 

I  ^CH,   ,mcll»a(85'>C.  When  distilled, 


-CO 


il  breaks  up  chiefly  inio  earbon  dionide  and  cnprolacione  (p.  346) 
Mubic  acid  is  formed  at  ihe  same  lime  (B.  13,  K.  93). 

(CH.),C CHCO,H 

7>«*,.W.,y.  ^  6.C0.(!h  .  T>rptnylU  And. 

(CHjl.C CH .  CH, .  CO,H 

('j—CO— l'-h, 
(CH,),C ^CH .  CH, .  CH, .  CO,H 

products  of  turpentine  ail.    They  will  be  diicussed  in  connection  with  pii 
principal  ingredient  of  the  oil. 

C,H, .  CH  .  CH<£2''^ 
Pcopylparaconic  Acid,  1  ^■'i   ,  melts  at  73,5°.      j.lleplolac- 

(i. 1^0 

tone,  heplylcnic  acid,  C,1I„0„  and  propyl ilaconic  acid.  C,H„0,  (B,  ao.  31S0).  are 
|irodiiced  by  the  ilistillilian  of  prapylpari 


'e  three  oxidation    < 
the 


OXYGLUTARIC  A 


a  Onyglularic  Acid,  CH,<^[J^"^J]' ™'"  (.^.  208,  66,  and  E 
is  obtained  by  the  action  of  nitrous  acid  upon  glutaroinic  acid  ;  it  occurs 
It  crystBlliics  with  difficuliy.  and  melts  at  72°.  Healed  with  hydriodic  i 
glutaric  acid  (p.  45;).  When  healed,  it  readily  passes  into  its  {acien 
49-50'  (A.  iBo,  139). 

Glutnminic  Arid,  a  Amidoglu 


15,  HS7). 
in  tnolisics. 
Did,  it  yields 
'1  melting  at 

contains  an 


L 


asymmetric  carbon  atom  (p.  45).  and  therefore  it  can,  like  malic  acid  (p.  4S7), 
appear  in  three  modi  Heat  ions.  Deilro-  or  ordinary  glulaminic  acid  occurs  in  rarious 
leeds  and  in  ihe  ^(outs  of  yetches,  as  vretl  as  with  asparlic  acid  in  the  molasses 
from  beet  root,  and  is  formed  along  with  otlier  compounds  (p.  351!  vihen  albuminoid 
substances  are  boiled  wilb  dilute  sulphuric  acid,  Il  consislsof  brilliant  rbombohedra, 
soluble  in  bol  water  but  insoluble  in  alcohol  aod  ether.  It  mells  at  202-202.5",  ^"^ 
suffers  partial  decomposition. 

1-Clut*minic  acid  is  obtained  from  tbe  inactive  variety  by  means  of  PinicUlium 
gtaurum  (p.  68|. 
'  iitailive  [d  4-  ']  glulaminic  acid  results  from  ordinary  gtutaminic  acid  on  heating 
it  to  150-160"  with  baryta  water,  and  from  o-isonilrosoglutaric  acid  (A.  i6o.  II9). 
Il  melts  at  198°.  and  by  repeated  crystal  I  izalion  breaks  down  into  d-  and  l-glulaminlc 
acid  crystals  (If.  a?.  _R-  269.  402;  ag.  1700).  [d  +  1]  PyroRlutaininic  Acid, 
melting  at  183-183°,  l'  'he  j-laclam  of  ihc  glulaminic  acid,  which  results  on  heating 
ordinary  glulaminic  acid  to  190°,  and  on  continued  heating  breaks  down  inio  CO, 
and  pyrrol  I.!).  15.  >343); 

^CHiNH,)CO.H  -H.O  ,  ^CH(NH).CO,H  ,^0,  ^CH— NH 

"^CHi-COOH  '^CH,CO  ~"'"  ^ch=(:h 


Glut; 
Glular 


tcid 


Pyroglui: 


o-amidoglut. 


I  together  with 
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asparagine  in  beet-root,  in  sprouts  and  other  plants  (B.  29,  1S82,  C.  1897,  I,  105). 

It  is  optically  inactive. 

^•Carbovalerolactonic  Acid,  d-methylglutolactonic  acid,    ▼aIerolactone->'-car- 

C(CH,)(0)CO,H 
boxy  lie  acid,   CH,<  1  ,  melting  from  68-70**,  is  deliquescent,  and 

CHj CO 

is  produced  (i)  by  oxidizing  )'-isocaproIactone  (p.  346)  with  nitric  acid  (A.  aoS,  62) ; 

and  (2)  by  the  action  of  potassium  cyanide  and  hydrochloric  acid  upon  laevulinic 

acid  (p.  379).  hopropylgluiolactonic  Acid,  CO,H .  C(C,H^)CH,  .  CH,COO,  melt- 
ing at  67°,  has  been  obtained  from  <J-dimethyI  Isevulinic  acid  by  the  interaction  of 
prussic    acid   and  hydrochloric   acid   (A.   288,  185).      a-Oxy-a^a^a-trimetkylgluto- 

C(CH,)(0)CO,H 
lactonic  Acid,   CHj<  1  ,  melting  at  103**,  is  formed  from  brom-tri- 

C(CH,)jCO 

methyl  glutaric  acid  on  boiling  it  with  caustic  potash,  as  well  as  from  mesitonic 

acid,  prussic  acid,  and  hydrochloric  acid  (A.  292,  220). 

Mesitylic  Acid,  a-Amido-aajajtrimethyl  glutaric  lactam, 

C(CH,)  NHCOjH 
'^C(CH,),(!:0 

melts  at  174°,  when  anhydrous,  and  is  obtained  by  boiling  the  hydrochloric  acid 
addition  •product  arising  from  mesityl  oxide,  cyanide  of  potassium,  and  alcohol  (see 
mesitonic  acid  (p.  381).  It  is  converted  into  unsym.  dimethyl  succinimide  (B.  14, 
1074)  by  potassium  permanganate. 

CIT     CO  H 
/3-Oxyglutaric  Acid,  CH(OH)<p..**  c(\\\*  ™c^t*"g  *t  95°»  ^*s  been  prepared 

by  reducing  an  aqueous  solution  of  acetone  dicarboxylic  acid  (B.  24,  3250).  Sul- 
phuric acid  converts  it  into  glutaconic  acid  (p.  467).  The  diethyl  ester  boils  at  150® 
(II  mm.)  (B.  25,  1976).  Ammonia  changes  the  ester  to  the  diamide,  which  passes 
over  into  glutaconimide  when  treated  with  sulphuric  acid. 

,i-Chlorglutaric  Acid  results  on  treating  glutaconic  acid  with  hydrochloric  acid. 
From  it  and  glutaconic  acid  there  results,  bv  the  action  of  ammonia: 

fi-Amidoi^lutaricAdd,  CO^H  .  CH, .  CH(NII,)CH,  .  COjH,  melUng  at  247-248® 

with  decomposition. 

CH(CO,H)  CH,CH,CO 
f^Caprolactone->-Carboxylic  Acid,    ^  j,  1    ,  melting   at 

107°,  is  produced  in  the  reduction  of  a-acetglutaric  acid  (B.  29,  2368).  Compare 
also  p.  278  and  }rrhexenic  acid  (p.  284). 

a  Hydroxyadipic  Acid,  see  B.  28,  R.  466. 

a  Hydroxy sebacic  Acid,  see  B.  27,  1 21 7. 


B.    OXY-OLEFINE  DICARBOXYLIC  ACIDS. 

Oxymethylene  Malonic  Ester,  (C0,C,H5)jC  :^  CHOH,  lx>iling  at  2i8«', 
forms  a  gray  copper  salt,  melting  at  138°.  Ethoxymethylene  Malonic  Ester, 
(COjCjHjK/J  -  CnoC^II^,  l>oiling  at  280°,  is  obtained  from  malonic  ester  and 
orthoformic  ester.  It  combines  readily  with  malonic  ester,  forming  dicarboxylic  glu- 
taconic ester  or  mcthenylhismalonic  ester,  (COjC^H^j^C  =  CII  .  CH(CO,C,Hj), 
(B.  26,  2731,  and  j>rivate  communication  from  I^.  Claiscn). 

Cyclic  oxymethylene  malonic  acid  derivatives  are  produced  by  the  action  of 
amidines,  hydrazine,  and  hydroxylaraine  upon  dicarboxyl  glutaconic  ester  (B.  27, 
1658;  30,  821,  1083). 

Amidomethylene  Malonic  Ester,  {^Of^W^j:,  —  CHNH,.  melting  at  67<», 
can  be  obtained  from  ethoxymethylene  malonic  ester  and  dicarl>oxyl -glutaconic  ester 
by  the  action  of  ammonia  (Chcm.  Soc,  59,  746). 


I 


OXV-OLEFINE   DICARBOXYLIC  ACIDS. 


Aceloijtnaleic  Aahyilride,  11  ^O,  melling  at  go",  is  pro. 

duced  by  acliiig  on  i 

uihrdridc  al  100°.      Alcohol  conTeils  it  1 

{U.  18,  25111. 

C,HsO .  C  - 
Ethoxyrutnaiic  Esier,  II  m  nu  • 

t-rl  —  LU-t-^rlj 

produced  vhtn  elhyl  iodide  acts  upon  siWeroiHlateiiccsltr,  oswell  tisfrom  ordinaij  I 
dibnunsucciaic  eater  and  sodium  elhylole.  Dielhoxj'succinic  ester  ii  produced 
slmullaneuusl)'.  It  is  ibe  sodium  lalt  of  Ibis  body  tbnt  is  formed  througb  the  aclion 
of  sodium  ctiiyUleupon  the  ei boxy funiaric  ester  (H.  18,  3512).  Cold  dilute  alkalies 
change  the  ester  to  tlhoxyfumnrii  acid,  melting  at  Ij3°.  Acetic  anhydride  conTcrls 
this  into  liquid  elhoxyinaleic  aDbydride.  Ethoxymaleic  Acid,  produced  by  the 
action  o(  water  on  the  nohydride,  melts  at  126°,  HydtocUloiic  acid  changes  ethoxy- 
fumaric  and  elhoxymaleic  ei.lers  into  Onalscetic  acid  (B.  ag,  179Z). 

Probably  the  ammonia  add  it  ion- product  of  oxalacelic  ester  U  an  ammonium  deriva- 
tive of  cihonyromBtic  ester,  CO,C,H,  .  ClONH.)  .  C11C0,C,H,.     It  mells  at   83', 
and  gradually  chaogeg  lo  oxalcitric  acid  lactone  ester  (A.  195,  346). 
NH,.C.CO,C,Hi 
Ethyl  Araidofumsiric    Eater,  -,,     i  ,,  ■  boiling  at  141°  (10 

CO, .  CjH|  -  C  -  H 
nun,),  is  obtained  by  tbe  action  of  ammonia  u|K>n  chlorfuniBric  elhyl  ester  and  chtor- 
malelc  ethyl  cslcr;  also  by  the  rapid  disiilli  ■         -        ■       ■ 
Copper  acetate  slowly  changes  it  to  oxalacc 

NH,-C.CO.NH, 

Eater,  II,  (7),  melts   at    139°.  and  Ethyl  Amidomalein- 

CO,.  CjH^,  CH 

Mlj.C.CONH, 
amide  Ester,  II  (?),  melts  at  119°.     See  isoasparagine,  p.  491  (C. 

He.  COjCjH* 
1S97,  I.  364)- 

Oxymethyleiie  Succinic  Bster,  Formyl  Succinic  Esler, 

CH(OH):C CO,C,H, 

(I:H,  .  CO, .  C,Hi' 

boiling  at  115'  (16  mm),  results  from  tbe  condensation  of  succinic  ester  with  formic 
ester  and  sodium  elhjiate.  P'eirJc  chloride  imparls  a  violet  color  to  it  (B.  96,  K.  91). 
It  can  be  reduced  to  itamnlic  ester  (p.  493],  and  tlie  alkalies  decompose  it  into  alcQ. 
hoi,  formic  acid,  and  succinic  acid  (B.  37,  3186).  See  B.  36,  2061,  for  the  action 
of  hydraiine.     Tbe  lactone  corresponding  to  oxymelhylene  succinic  acid  is  probably  ; 

CH  =c.axii 

Aconic    Acid,   \  1  ,  melting  at  104°,  which  results  on  boiling  ita- 

dibromtarlaric  acid  wiih  water  (A.  Spl.  1.347  i  B.  37,3440).     Tht  melhyl esttr  mi:\Vi 
el  84°.      Aconic  acid  bears  the  same  relation  lo  ethoxyniethylene  succinic  esler  that 
coumalic  acid  sustains  to  methyl  mctboxymeibylcne  giiilaconic  ester. 
Cll,.C  =  c.co,c,n, 
o-Aminoethidene  Succinic  Ester,  ^^^    ^^     ^^  ^  ^^  .mclisat  7J"(B. 

ao,30j8)  and  a.Aminoelhidene  Succinfraidc  nielu  al  274'.     See  acelosuccinic 

CH  ^C.CH,CO,H         ,.,,,..       .., 
MucalactonicAcid,   1  )  ,  is  obtained  by  heating  dibromadipie 

acid,  C,H,Br,0,  (from  hydromuconic  acid,  p.  467),  with  silver  oiide.  It  mells  al 
-12-125". 
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/3- Amidoglutaconic  Ester,  COjCjHj .  CH  =  C(NH,)CH, .  CO,C,H.,  boils  at 

i:H.  CO 
157-158®  (12  mm.).    Glutazine,  i^-amidoglutaconimide,  NH-  .  C^  ^NH, 

melts  with  decomposition  at  300®  (compare  acetone  dicarboxylic  ester). 

Lactams  of  >-amido  unsaturated  dicarboxylic  acids   result  when  ammonia  and 
primary  amines  act  upon  acetoacetic  ester  (A.  a6o,  137)  : 

CH5.CO .  CH.COjCjH,  CII,.C  =  CCOjCjHj  CH,.C C.COjCjHj 

CH,.C0,.C,H4  NH,.CH^CO.OC,Hj  NH.CO.CH, 

Lactams  of  damido  unsaturated  dicarboxylic  acids  are  formed  when  ammonia  and 
primary  amines  act  upon  a-acetylglutaric  ester  (B.  24,  R.  661). 


C.  OXYDIOLEPINB  DICARBOXYLIC  ACID. 

CH C .  CO.H 

Coumalic  Acid,  1  1  »  melts  with  decomposition  at  206®. 

O  .  CO .  CH  =  CH 

It  is  isomeric  with  comanic  acid  (see  this).  It  is  produced  when  malic  acid  is  heated 
with  concentrated  sulphuric  acid  or  ZnCl,.  Oxymethylene  acetic  acid,  HO .  CH  -= 
CH  .  COjH  (p.  361),  is  an  intermediate  product.  Its  condensation  gives  rise  to  the 
coumalic  acid,  since  the  latter  is  also  formed  when  sulphuric  acid  acts  upon  oxy- 
methylene acetic  ester  (A.  264,  269).  Like  chelidonic  and  meconic  acids,  it  forms 
yellow-colored  salts  with  the  alkalies.  Coumalic  acid  is  decomposed  by  boiling 
baryta  water  into  ^lutaconic  acid  (p.  467)  and  formic  acid.  Boiling  dilute  sulphuric 
acid  breaks  it  down  into  CO,  and  croton aldehyde  (p.  208).  Ammonia  converts  it 
into  the  corresponding  ^-lactam^  the  so-called  ii-oxyniiotinic  acid.     It  combines  to 

CH.CII, 
pyrazolon,    II  .     >C0  (p.  367)  (B.  27,  791),  with  a  dilute  hydrazine  solution. 

Oxymethylene  Glutaconic  Acid,  HO  .  CH  =  C(CO,H) .  CH  =  CH  .  CO,H. 
Coumalic  acid  might  he  regarded  as  the  d-lactone  of  this  oxy-acid.  It  is  not  known 
in  a  free  state,  but  methoxymcthyUne  glutaconic  vtethyi  ester^  CHjO .  CH  = 
C(C()jCIl3) .  CH  =  CH  .  COjCHj,  melting  at  62°,  is  produced  on  treating  coumalic 
acid  with  methyl  alcohol  and  hydrochloric  acid  (.*\.  273,  164). 

C(CH,)rr==C.CO,H 

Isodehydracetic  Acid,  Dimethyl  Coumalic  Acid,    1  U  r-'cx     * 

O  .  COCH C  .CHj 

melting  at  155°,  is  isomeric  with  dehydracetic  acid  (see  this).  It  is  produced  (l)  by 
the  action  of  concentrated  sulphuric  acid  upon  acetoacetic  ester;  (2)  from  J-chloriso- 
crotonic  ester  and  sodium  acetoacetic  ester  (A.  259,  179).  It  decomposes  when 
heated  to  20f:>-205°  into  CO,  and  mesitene  lactone.  The  methyl  ester  melts  at  67-67  5® 
and  boils  at  167°  (14  mm.).  The  ethyl  ester  boils  at  166°  (l2  mm.).  The  latter 
takes  up  ammonia  and  yields  an  ammonium  salt,  which  in  a  certain  respect  is  simi- 
larly constituted    to    ammonium  carbamate,  xtii*    >C  =  O  : 

O.C(CH,)    -C.COjCjHs 
\'H  0      I  I        * 

\H  -  '^'  •  ^^^ ^  '  ^^\ 

P'Oxynicotinic  Acid  and  i3-oxy-dimethyl  nicotinic  acid  are  d-lactams  correspODd- 
ing  to  coumalic  and  isodehydracetic  acids.  The  ethyl  ester  of  the  second  lactam — 
the  so-called  carboxethyl  pseudolutidostyril,  melting  at  137® — resuhs  from  the 
action  of  ammonia  upon  ethyl  isodehydracetic  ester  at  100-140^.  The  same  d-lac- 
tarn  is  obtained  in  the  condensation  of  .?-amidocrotonic  ester  (|^  363)  (A.  259,  172). 


KETOMALONIC  ACID   CiROUP. 


13.  KETONE  DICARBOXYLIC  ACIDS. 

Dibasic  carboxylic  acids,  containing  a  ketone  grou])  in  addition  Co  J 
the  carboxyl  groups,  are  mainly  synthesized  as  follows  : 

1.  By  the  introduction  of  acid  radicals  intomalonic  esters. 

X.  By  introducing  the  residues  of  acid  esters  into  acetoaceiic  ester.  J 

3,  By  the  condensation  of  oxalic  esters  with  fatly  acid  esters. 

These  methods  of  formation  will  be  more  fully  considered  under  lh< 
individual  groups  of  the  monoketone  carboxylic  acids.  The  position 
of  the  two  carboxyl  groujis  is  again  the  basis  for  their  classification  as 
the  kttomalotik  add  group,  the  ketosuecinU  acid  group,  the  keioglularic 
acid  group,  etc. 

KETOMALONIC  ACID  GROUP. 

Mesoxalic  Acid,  Dioxyniahnie  Acid,  \I'ropandio!-diacid\ 


melts  ai  115°  without  loss  of  water.  It  is  assumed  that  in  this  acid  as 
in  glyoxylic  acid,  and  oxalic  acid  crystallized  from  water,  the  water 
,  molecule  is  not  present  as  water  of  crystallization,  but  that  the  double 
union  between  the  carbon  and  oxygen  has  been  severed,  and  that  it 
has  attached  itself  to  the  CO-group,  hence  two  hydroxyl  groups 
produced,  whence  the  name  dioxymalonic  acid : 


g>C-0 

S>t-o 


:o>™ 

COOH 


CO,H 

J 


*cid 


Glyoiy 


Mm 


I 
I 


Furthermore,  esters  of  mesoxalic  acid  derived  from  both  forms  are 
known.    They  are  the  0x0-  and  the  dioxymalonic  acid  esters.    Mesoxalic 
acid  is  formed  from  amidoraalonic  acid  by  oxidation  with  iodine  in  an 
aqueous  solution  of  pota,ssium  iodide;  from  dibrom-malonic  acid  byj 
boiling  with  baryta  water  or  silver  oxide  ;  by  boiling  alloxan  (mesox'B 
alyl  urea)  with  baryta  water;  and  by  oxidizing  glycerol  with  niiriel 
acid,  nitre,  and  bismuth  subnitrale  (B.  37,  R.  G66).  T 

Mesoxalic  acid  crystallizes  in  deliquescent  prisms.  At  higher  iemi-] 
peratures  it  decomposes  into  CO,  and  glyoxylic  acid,  CHO  .  CO,H.  Iq 
breaks  up  itito  CO  and  oxalic  acid  by  the  evaporation  of  its  aqueotU 
solution. 

Mesoxalic  acid  deports  itself  like  a  keionic  acid,  inasmuch  as  i 
uniies  with   primary  alkaline  sulphites,  and    when   acted   upon    byj 
sodium  amalgam  in  aqueous  solution,  it  is  changed  to  tartronic  acid. 
It  combines  with  hydroxylamine  and  phenylhydrazine. 


49^  ORGANIC  CHKMIHIKV. 

Salti. — Barium  <N«i«Wfl«, C(OH},<y-Q'>Ba, BBd  calcium  mtsexaiate,a 


t  puwdcn 


7soIuble  in  water.     Tlie  ammcHmm  la;^,  C(OH),.  (CO,.'. 


I 


■n  iMled  « 
WMer'alii^s  luesoxalic  acid,  silver  oi«Uk.  ii\itt,  u)^  Cb,.     Sk  B.  37,  R.  667.  foci 

lh«  iiimuth  tall.  " 

Esters.— Two  series  of  eslcrs  may  be  derived  from  mesoxalic  acid 
— tlie  anhydrous  or  oxomalonic   esters,  l?0(CO,R')„  and  ihe  di- 
oxymalonic  esters,  C(OH),(COiR')..     The  first  are  produced  when 
the  react  inn-product  from  bromine  andacetotartronic  ester  is  distilled, 
and  also  in  the  distillation  of  dioxymalonic  ester  under  diminished  J 
pressure.      The   oxomalonic  eslers"absorb   water  with   avidity,   itnd  | 
thereby  change  to  Iheir  corresponding  dioxymalonic  esters.     The  two  | 
compounds  bear  the  same  relation  to  each  other  that  tJiloral  susiaini 
to  chloral  hydrate : 


CCl,.CHO     Chiomi 

CO(CO,C,Hj)  Otoma 


HK) 


-^  CCl,.CH(OH),       ClilDtil  Hydr.u 
"■^-J-  C(OH),(CO,C,HiJ,  Dio.Tni.loHic  Ener. 


OKOmalonic  Ethyl  Estet.  CO(CO,C,U.),,  boiling  m  loo-iol"  (14  mm),  sp.  1 
gr.  t.tjjS  (l6°|,  possesses  a  bright  greenish  yellow  color.  I1  is  ■  moliilc  liquid,  J 
with  a  Iniiil  but  not  di&>Ere«able  odor,  Wben  healed  under  ordinary  preaiuie  it  I 
liieaks  dawn  partly  into  CO  Hrrd  oxnlic  ester  (B,  27.  iJo5).  Dioxymalonic  Btfay)  I 
Ester,  C;<>H|, .  (CU,C,Hs),  mdiing  at  57°,  disiolvn  easily  in  water,  nlcobol,  and  J 
ether  Dietboxy  ma  Ionic  Ester.  (C,H,0),C(CX),C,H,),  meits  at  43"  and  boils  at  1 
aaS"  (It,  30,4901.     DUcetdioxymmlonicEsler,  (CH,C0,01,C(C0,C,Hi),,  I    " 

Nitiogen  Derivatives  of  Mesoxalic  Acid. 
Iionilrosomalonic  Acid,  C(N .  OH)(CO,H)„  is  formed  by  the  action  of  by- 
Iroxytamine  (U.  iC,  60S,  1621)  upon  violuric  acid  <;see  this)  and  mesoiilic  add,  alio 
from  its  tlhyl  esltr,  produced  when  nilrous  acid  is  conducted  into  the  tolutioD  oT  J 
n  malonic  eiler.     ll  melts  at  136°,  decomposing  at  the  seme  time  into  hydro-  I 
cyanic  acid,  carbon  dioxide,  and  water.      DimtlhylBximidomn^xatamide,  N(OH);.  ' 
C|CONHCH,),,  melts  at  aaS"  (B.  38.  R.  gii). 

Phenylhydraxidomesoxalic  Acid,  C,HjNH  .  N :  C(CO,H  1,,  melts  with  decom- 
position at  163'.  Ilisobtaincd  (I)  from  mesoialie  acid  and  phenylliydraiinej  (j) 
by  the  saponificBlion  of  its  elbyl  ester.  Ethyl  Phenylhydraiidomesoxalic  Acid, 
C,HsNH  .  N  =  Cc^q'&u',  melts  at  115°.  Ph enylhydraiidome so xalic  Ethyl 
er.  C-H^NH.  N  =  c'cU,C,Hjl,,  is  obtained  both  from  mesoxalic  ester  and 
phenyl  hydrazine,  as  well  as  from  sodium  milonic  ester  and  diawbeniene  chloride 
(B,  i(.!(66,i24l:  35,  3183!.  Hydraiidotnrsoxalamide,  NH,.N  :C(CONH,),, 
melting  at  I7S°.  results  from  dibrommslonnmide  and  hydrazine  (B.  18,  R.  lOSl). 

Cyanoiimido- acetic  Acid,  CN.  C;  N(OH,CO,lI.  metis,  when  anbydrona,  K 
;i9'  with  much  roaming.      It  is  produced  (1)  from  isomer  I  c/urosow  CArbtxjilit  aiid,\ 
N  =  C,CO,H  ^ 

■   "  (p.  483)  ;  (j)  on  boiling  furazon  dicarbcxylic  acid  with  w 


""N^LlI 
(B.  a8,  ^i\\  (3)  by  the  action 
acid  (see  this)  in  acid  solution 
at  ihe  same  lime ;  (4)  when  n 

761). 


of  hydroxylnmine  hydrochloride  upon  dioxylarlaric  I 
;3-dioxiiDidosuccinic  acid  (B,  14.  I9!)8|  being  ronile<I  | 
rous  acid  acts  upon  oxazolonhydioiamic  acid  (B.  afl,  1 

■.  CN ,  C :  N(nHl  .  CO,C,Hs.  from  sodium   cyana 


OXALACETIC   ESTER. 

Estcr  (p.  440)  and  Binyl  nitrile  (B,  14.  R.  59J),  melu  at  I37-ta8°.      Dt-9xyfutmiH- 
u-it  W^i./,  cyanisonilfoso  aceUmide,   CN  .  C:  N(OH) .  OOH) :  NH  (*ce  p.  238).  1 
CyaniSimilrBiB-aeahphaxamti   Ai%J,  CN  .  C;  (NUH) .  C(OH) :  N  .OH,  mrlling  al  J 
107°.  is  formed  rrom  formyl  cliloridoiime  (p.  333)  and  animonia. 

HtnuHi  aucyanateiic  Eilir.  C,I1,NII  .  N :  C(CN)CO,C.H„  meliing  at  115' 
fonncd  fitnn  cyanscelic  ester  and  diazobenzene  chloride  (B.  97,  K.  393).  Con 
B,  38,  R.  997  for  subslituliun  derivBlives  of  Ibis  body. 

nifHylhydrauaumisaiahHUrile,  (CN),C  =  N  .  NHC.Hj,  mells  «ilh  dpctimpo-  1 
lition  bclween  130°  and  144°.  Il  is  ranned  wben  diaiobcniene  niltsle  acts  upon  J 
potsssium  Diatononilrile  (B.  *9,  1174).  1 

Okaiomalonic  Acid  rciulls  from  the  aelion  of  nitric  oxide  and  sodium  elbylate  J 
uiion  tnHlonic  ether.  Cautlic  soda  converts  the  Dilatable  reaclioit  product  into  tbe  J 
soiHum  iiiU.  N»,0  :  C(Ct),Nn),  -\.  zH,0.  This  as  well  as  the  other  salts  explode  l 
very  easily,  particularly  when  they  are  anhydrous  (B.  a8,  1795). 

N  :  C.  CO-H  , 

Oxyfuramn  Carioxylic  Acid,  0<       -l,-.,,        ■  ^'^  oiyfiaraian  acetic  acid  (p.  I 

joo).      Meson al amide  derivatives  have  been  obtained  by  ihe  addition  of  COCl,  t( 
plienyl.  and  loluyli«jcyaoides.     Tbns,  phcnvlisocyanide  gave  1 

Miioxmiliilt-diimidt  CUoridr,  C0[;CC1  =  NC,Hj],.  meltiaE  a'  l4S-'5i°  US-  , 
30  mro.)  (A.  170,  386).  Dinmutomahnamide;  dianiidomesciiBlainide,  CO,NI^I,C- 
(NH,]CONH,,  consists  of  white  crystals,  decomposing  at  150°,  It  results  from  the 
action  of  akobollc  ammonia  upon  dibrom-ma Ionic  ester  (p.  440).  and  upon  the  loss 
of  ammonia  imsses  into  imidomalmiamide.  CONH,  ,  C  r  NH  .  CONH,  ( b.  14,  3002). 
Acetyl  Malonic  Acid,  CH,.  CO.CH(CO,H),.  Its  ethyl  ester  resnlts  from  the 
interaction  of  chlorcarlionic  ester  and  sodium  acetoacelic  ester  (p.  j8S)  ( B.  si,  2617  \ 
«•■  JS^7)-  'l  is  a  mobile  liquid,  boiling  at  120°  {17  mm.  J,  When  saponified  by  tbe 
alkalies  it  decompose*  into  L'(>,.  acetone,  and  acetic  acid. 

Aee/yl  Cyanactlie  Acid.  CH,  .  CO .  CH(CN)CO,C,H,,  melting  at  26°  and  boiling 
01  ng"  {15-30  mm-Vi*  produced  when  acetyl  chloride  acts  upon  sodium  cyanaceiie 

rster.     Propimyl  VyaHaalk  EUcr  boils  at  155-105°  (50  mm.)  (B.  21,  R,  1B7,  354; 

la,  R-  407)- 

KBTOSUCCINIC  ACID  GROUP. 

CO .  CO,H 

Oxalacetic  Ester,  Oxosucdnie  Ester[Bu:anon-diadd\.l^^  CO'h' 
The  free  acid  is  nol  stable.  lis  ethyl  esUr,  boiling  at  131-133°  (34 
1.),  and  mel/iyl  ester,  melting  ai  74-76°  and  boiling  at  137°  (39 
mm.)  (A.  477,  375),  are  formed  vvhen  sodium  ethylale  (W.Wislicenus) 
acts  upon  a  mixture  of  oxalic  and  acetic  estet^,  and  when  acetylene 
(licarboxylic  ester  is  digested  with  sul[ihuric  acid.  When  boiled  with 
allcalies  it  breaks  down  into  alcohol  and  oxalic  and  acetic  acids  {acid 
decomp^silien).  Boiling  H,SOj  causes  it  to  undergo  the  ketone  de- 
composition (p.  369)whereby  CO, and  pyroracemic acid  (CH,.  CO.- 
CO,H)arc  produced.  Healed  at  the  ordinary  pressure  it  loses  CO 
and  iiasses  into  malonic  ester  (^carbon  monoxide  decomposition).  Pyro- 
racemic ester  is  a  by-product  (R,  28,  81 1) : 

CO,C,Hj .  CO  '  CH, .  CO.C.Hj— Acid  decomposition, 

COjCjIlsCOCH,  '  CO,C,H,       —Ketone  decomposition, 

CO, .  C,H,  '  CO  !  CH,CO,C,H(— CarboQ  monoiide  decomposition. 

It  yields  the  esters  of  inactive  malic  acid  by  reduction  (B.  24,  3416). 
Ferric  chloride  imparls  a  deep  red  color  to  the  solution  of  the  e 


I 


SOO  ORGANIC  CHEMISTRY. 

It  condenses  with  acetonitrile  (B.  25,  R.  175)  and  with  acetanilide 
(B.  24,  1245).     Oxalacetic  ester  and  hydroquinone  condense  under 
the  influence  of  sulphuric  acid  to  m-oxycoumarine  carboxy lie  ester  (B. 
28,  R.  115). 
Oxalacetic  ester  is  both  an  a-  and  a  ^-ketonic  ester. 

Unsym.  Dietboxysuccinic  Ester,  CO,C,II,  .  C(OC,H,), .  CH, .  CO,C,H,,  is 
formed  together  with  ethoxyfumaric  ester  (p.  495)  both  from  oixiinary  dibrom- 
succinic  ester  and  acetone  dicarboxylic  ester  by  the  action  of  sodiom  ethylate.  The 
resulting  ditihoxysufcinic  acid^  when  allowed  to  stand  under  greatly  reduced  pres- 
sure or  when  heated  to  100®,  loses  ether  and  becomes  oxalacetic  acid  (B.  29,  1792). 

CO .  CO,C-H. 
Methyl  Oxalacetic  Ester,   1      ^    \  .is  obtained  from  the  esters  of 

CH(CH,).CO,C,H' 

CO.  CO 
oxalic  and  propionic  acids.    Methyl  Oxalacetic  Anil ^  1  >N  .  C^Hj,  melt- 

Cri| .  CH  .  CO 

ing  at  191-192^,  is  formed  from  oxalic  ester  and  propionanilide  (6.  24,  1256). 

Et/iyl  Oxalacetic  Ester,  COjCjH,.  CO.CH(C,H,)CO,C,H,  (B.  ao,  3394). 

Nttroi^en  Derivatives  of  Oxalacetic  Acid  (B.  24,  II98).  Ammonia  and  oxal- 
acetic ester  combine  to  a  body  which  has  one  of  the  following  formulas:  CO,C,H.  .- 
C(OH)NH, .  CH, .  CO,C,Hjor  CO, .  CjH^ .  ClONH^) :  CH .  CO,C,H, (B.  a8,  788), 
see  ethoxyfumaric  acid,  p.  495.  Oximes  :  p-Oximidnsuccinic  Ethyl  Esier^  melting  at 
54®,  results  from  the  oxime  of  oxalacetic  ester.  a-Oximidosuccinic  Ethyl  Ester  Acid, 
melting  at  107^,  is  produced  when  water  acts  upon  diisonitrososuccinyl  succinic  ester. 
Both  Ixxlies,  when  heated  with  water,  yield  CO,  and  a-oximidopropionic  acid, 
CHjC:  N(()H)CO,C,n5.  Hence,  both  ester  acids  are  given  the  structural  formula, 
COjH  .  ClIjC  :  N(OH)C(),C,H5,  and  it  is  assumed  that  they  are  stereo-isomerides 
(B.  24,  1204).  Oximidoiucciuu  Zfj/z'r,  COjCjHj.  C  :  N(OH)CH,  .  CO.CjH^,  is  a 
colorless  oil  (B.  21,  R.  351).     Compare  aspartic  acid  and  asparagine,  pp.  489,  490. 

Phenylhydrazine  adds  itself  to  oxalacetic  ester  just  the  same  as  ammonia,  llie 
addition  product,  melting  at  105°,  is  either  a  phenylammonium  salt  of  oxyfumaric 
acid,  or  it  is  a  compound  similar  to  aldehyde  ammonia.     It  readily  passes  into  the 

pluuylhydrazone  oxalacetic ester,Qfi^Y{  .  N  :  C<^3^J?A  c  H  »  ™c^^»'>g  *^  77**- 

The  reaction  products  of  hydrazine  and  phenylhydrazine  upon  oxalacetic  ester  are  the 
lactazams  (p.  363)  or  pyrazolon  derivatives  (A.  246,  320;  B,  25,  3442),  e.g.  : 

CO  .  CO,C,H.       NH-NHj       NH  .  N  =  C .  CO,C,H, 

I  -^ ^  I  I 

CH, .  C0,C,H5  CO CH, 

Pyrazolon  Carboxylic  Ester. 

Phenylhydrazone-oxalacetic  ester  is  also  formed  from  acetylene  dicarboxylic  ester 

and  phenylhydrazine  (B.  26,  1 721). 

Oxitnido  cvatipvroracemic  Ester,  CN  .  CH, .  C  =  N(OH)CO,C,Hj,  melts  at  I04® 

(B.  26,  R.  375).    ' 

N O 

Ammonium   Isoxazolonhydroxamate,  NH,HO\       B  I     ,  decomposes  at 

HON.;'CC.CH,.CO 

156-160°.  It  is  produced  in  the  action  of  hydroxylamine  and  ammonia  upon  oxal- 
acetic ester.     See  also  cyanoximidoacetic  acid,  p.  498.     Alkali  changes  it  to 

^     .  N.C.CH,  .CO,H 

Oxyfttrazau -acetic  Acid,  0<         1,  ,  consistmg  of  pnsms.  decompos- 

ing at  158°.  Potassium  permanganate  oxidizes  it  to  oxyfurazan  carboxylic  acid 
(B.  28,  761). 


KETOCLUTARIC  ACID  GROUP. 

Esiers 


e  formed  vhen  sodium 
The  crude, yellow-colored, 
□la  fumaric  enters.     They  t 


itrile  Belt  upon  the  bydrochlo' 
.sily  tlecomiiasBble  eslers,  when 
■eri  to  «spartic  eslera  on  reduc- 


acted  upon  by  c 


sler  and  cUI. 


■s  of  the  a-tnonohaloj 

CH,,CO.Cir,CO,C,H, 
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CH,.  CO,C,H;. 
iter,      rt  boils  at  ZS4-160',      Tlie  hydrogen 
1  be  replaced  by  nlkyls,  t.g.,  by  melhvl ; 

CH, .  CO.  C(CH,) ,  COjCH. 
uccinic  Ester,  1  '  '    °.  is  formed  from 

CH,,CO,C,Hj 
r  and  chloracetic  ealer.     li  boils  si  263°. 

CH,.CO-CH-CO,C,H, 
uccinic  Ester,  1  >   >    ■  _  f,^^  ocelO' 

CH(CH,).CO,C,Hj 
t-propionic  esier,  boils  at  263'^- 

sbiliun  these  eslcis  break  down  into  acetic  acid  and  succinic 
■  acids  (pp.  443,  444) ;  by  the  ketone  deeompoiilion  the  pro- 
tonic  acids  (p  379).  Ammonia  and  primary  amines  convert 
into  }'- 1 midodi carbonic  acids,  which  readily  part  with  alcohul 
(A.  aCo,  137).  Acelnsuccinic  »ler  and  ammonift  yield: 
nic  ester  (p  495)  and  a-amino  elliidene  lucclnimide.     Hydi 

....    CH,,CO.CH.C0^.,„ 
the  Utter  into  aettfsueammiae,  1  >NH, 

CH,.CO 
melting  at  84-87"  (C.  1897, 1,  483). 

Nitrous  acid  converls  acetosuccinic  ester,  with  the  alcohol  and  carbonic  acid  de- 
compoiiiions,  into  isonilrosolceTulinic  acid  (compare  isonilroso  aceumc,  p.  326} 

Cn,C,Hj  NO.  OH 

I  M:0,H  .  CH, .  C  =  NIOH) .  CO  .  CH, 

CO,,C,H,.CH,,t:H.CO.CH,    H;0  '  •  ^      '  ' 
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0X0-  OR  KETOCLUTARIC  ACID  GROUP. 
a-Ozoglutaric  Acid  ii  not  known,  and  the  body  formerly  considered  as  such  M 
oxymelhylene  succinic  eiler  |p.  495),     Cyan  aximdeiutyric  Acid,  CO,H.CH,.* 
CH, .  C  =  (NOH)CN,  melting  at  87",  is  a  derivati.e  of  anjxogluiaric  acid.     It  IiJ 
formed  when  cold  sodium  hydroxide  acts  upon  furatan  propiemc  acid  (p.  483),  j 
When  it  is  boiled  with  sodium  hydroxide  a-  OximidBglutaric  Acid,  CO,H  .  CH,  - 
CII,G  =  N(OH)CO,H,  melling  at  I52",  is  the  prqducl  (A.  a6o.  I06). 

Acetone  Dicarboxylic  Acid,  |3-keto-  or  ^-oxoglutaric  acid, 
COCCH,CO,HJ„  melis  at  aiwut  130°,  and  decompo^s  into  CO,  and 
acetone-  It  may  be  obtained  by  warming  citric  acid  with  concen- 
trated sulphuric  acid  (v.  Pechmann,  B.  17,  2541;  18,  R-  468;  A. 
378,  63)- 

Acelone  dicarboxylic  acid  dissolves  readily  in  water  and  ether.    The 


J 
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same  alteration  which  takes  place  on  heating  the  acid  alone  occurs 
on  boiling  it  with  water,  acids,  or  alkalies.  The  solutions  of  the  acid 
are  colored  violet  by  ferric  chloride.  Hydrogen  reduces  the  acid  to 
/9-oxyglutaric  acid  (p.  494). 

PCIj  conyerts  the  acid  into  /?-ch1orglutaconic  acid. 

Hydroxy lamine  changes  it  to  oximidoacetone  dicarboxylic  acid^  CO,H  .  CH, .  - 

C(NOH)CH,CO,H  -f  H,0,  melting  at  53-54®.     In  the  anhydrous  state  it  mcUs  at 

89°  (H.  23,  3762).     Nitrous  acid  converts  acetone  dicarboxylic  acid  into  diisonitroso- 

acetone  (p.  479)  and  CO,  (B.  zg,  2466;  ax,  2998).    The  acid  is  condensed  by  acetic 

GH,.  CO.  CH  .  CO.  C.  CO,H 

Viiihy^xx^t  io  d^hydracetcarboxylic  aa'd^  I  H  (A.  273, 1 86). 

CO  — O  — CCHj 

The  salts  break  down  into  acetone  and  carbonates. 

EsUrs  :  Dim f thy i  Ester  boils  at  1 28®  (1 2  mm. J.     The  dutkyl  ester  boils  at  138® 

(12  mm.)  (B.  23,  3762;  24,  4095).     The  four  H-atoms  of  the  two  CH,  groups  in 

it  can  be  successively  replaced  by  alkyls  (B.  x8,  2289),  and  they  also  readily  condense 

with  aldehydes  (B.  29,  994;  R.  93).     Ammonia  and  the  diethyl  ester  combine  to 

form  /3-oxyamidoglutaminic  ester,  which  condenses  further  to  glutazine  (see  this) — a 

trioxypyridine  derivative  (B.  19,  2694).    Alcoholic  ammonia  produces  d-amidoglufa- 

conic  ester  (B.  23,  3762).     Nitrous  acid  converts  the  ethyl  ester  into  the  oximido- 

compound,  CO2C2HJC :  N(OH)CO .  CH, .  COjCjHj,  which  then  passes  into  oxyisoxa- 

zoUdicarboxylic  ester,  CO, .  CjH^ .  C  =  (NO)C(OH) : C.  CO,C,Hft  (B.  a4,  857). 

I  I 

Turning  nitric  acid  changes  it  to  the  peroxide,  CO, .  CjHj .  C :  N(0)CH,.C:  N(0) .  - 

COjCJIj  (B.  26,  997).     The  pbenylhydrazones  of  the  acid  and  of  the  ester  readily 

change  to  a  corresponding  lactazam — a  pyrazolon — derivative, 

N  =  C— CH„ .  CO, .  QHg 

*    ^    ^CO.CH, 
(B.  24,  3253). 

Acetyl-n-glutaric  Acids  are  produced  by  the  action  of  )S-iodo- 
pr()i)ionic  ester  upon  the  sodium  derivatives  of  acetoacetic  ester  and 

alkvlic  acetoacetic  esters: 

CO.CjHj 
a-Acetglutaric  Ester,  ch,.  COCII.  CH,.  CH,.  CO, .  C,H,'  ^^^^^  ^^  ^^i- 
272°. 

CO, .  C,H5 

a-EthyU-Acetglutaric  Ester,  ^„^  ^^   (^(C,H,)CH, .  CH, .  CO,CH.'  ^^' 

composes  wlien.it  is  distilled.     By  the  elimination  of  carbon  dioxide 

the  free  acids  change  into  the  corresponding  5-ketonic  acids  (p.  383) 

(A.  268,  113). 

,S-Acet-glutaric  Acid,  CH3 .  CO  .  CH[CH, .  CO,H]„  melting  at 

CH,.COO 

I  / 

47-50°,  is  obtained  from  its  keto-dilactone,    CH.C.CH,,  melting  at 

CH,.COO 
102°  and  boiling  at  205°  (12  mm.),  by  prolonged  boiling  with  water. 
The  ketodilactone  is  produced  on  decomposing  /9-acettricarballylic 
ester  with  boiling  hydrochloric  acid  (A.  295,  94). 


I 


tkcetic    add,    HOI 
C,H,0,: 


THE   URIC   ACID  GROL'P.  •  S^SH 

diaceticAcid./V™fWf'/™V^nV/,CO<^||"Qy''^Q*H,  Irvulta-  | 
bccoiQCi   llie    7- di  lactone ,    1 


i     CH,.CH,COcl.  loses  . 


This  is  formed  wlien 


CH,.CH,.C.CH,.CH, 
Co 0     O CO 

:ciQic  acid  is  boiled  for  Eome  time : 
aC,H,0,  =  C,n,0,  +  CO,  +  iH.O. 


» 


Jt  meils  HI  75°,  and  distils  without  decomposition  under  reduced  prtisuie.     Boil- 
ing water,  or,  better,  boiling  ilkalics  cause  it  lo  become  actlont  diaitlu  add,  b]f  i 
alnoiption  ol  water.    This  acid  is  ideolicnl  with  propion  diiarboxylu  ociil,  and  liydto-    I 
rhtlidsnic  acid.     The  tirst  is  obtained  by  the  action  of  HCl  upon  furftir* acrylic  acid, 
and  the  latter  by  the  reduction  of  chelidonic  acid. 

Acelonediau'ctic  acid  melts  at  I4J°.  Acetyl  chloride  or  acetic  anhydride  will 
again  convert  ii  into  the  X'^Ii'^ctone.  Hydroiylamine  changes  it  to  the  nximi, 
C(N.OH)(C,H,.CO,H),,  melting  at  129°  with  decomposition,  \\^  phenylkydra. 
lOTi^,  C(N,H.C,H,)(C,H,.CO,H),.  meluat  io7'>(A-  afiy,  48), 

Phoronic  Acid,  C0<^||'  *  c(Ch'}'   Co'h  *''■  "^'''"B  "'   "84°.  «  obtained   I 
from   the  di hydrochloride  addition  product  of  phorone  (p.  iii),  by  ii 
iteatinem  with  potassium  cyanide  and  hydrochloric  acid  (B,  afi,  1173). 
■ponding  j-'dilactone  melts  al  134°  (A.  147,  lio}. 


THE  URIC  ACID  GROUP. 


Uric  a 


I  nucleus  of  thi 


conipoutid  of  iwo  cyclic  urea  residties  c 
HN  —  CO 

i—  NH 

>C0. 


mbiiied  with 


Bji  its  oxida- 


irbon  atoms:  OC 

HN  — C- 

lion  the  so-called  ureides  of  two  dicarboxylic  acids — oxalic  acid  and  ] 
mesoxalic  acid — were  made  known.   The  iirelde  of  a  dicarboxylic  acid  ] 
is  a  compoundof  an  acid  radical  with  the  residue,  NH.  CO.  NH  ,e.g., 
CO  —  NH 
J  >CO  =  uretde  of  oxalic  acid,  oxalyl  urea,  parabanic  acid. 

TItey  are  closely  related  to  the  imides  of  dibasic  acids,  succinimide 
(|i.  448),  and  philialimide,  and  parabanic  acid  may,  for  example,  be 
regarded  as  a  mixed  cyclic  imide  of  oxalic  and  carbonic  acids.  Like 
the  imides,  they  possess  the  nature  of  an  acid,  and  form  salts  by  the 
replacement  of  the  imide  hydrogen  withnieials.  The  imides  of  dibasic 
acids  are  converted  by  alkalies  and  alkaline  earths  into  aminoacid  \ 
salts,  which  split  off  ammonia  and  become  salts  of  dibasic  acids. 
Uncter  similar  conditions  the  ureide  ring  is  ruptured.     At  first  a  so- 
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called  »r-acid  is  produced,  which  finally  breaks  down  into  urea  and  a 
dibasic  acid : 


CH.CO 
I  >NH 

CH, .  CO 
Succinimide 

CO  — NH 

L  >CO  - 

CO  — NH 

Parabanic 
Acid 


CH, .  CONH, 

CH, .  COOH 
Succioamic  Acid 


CO.NH.CO 

-  -->  I  I      - 

CO,H        NH, 

Ozalnric 
Acid 


CH,  .  COOH 

^iH..COOH+^«« 
Succinic  Acid. 

COOH     NH, 


Oxalic 
Acid 


NH, 
Urea. 


The  names  of  a  series  of  ureldes  having  an  acid  character  end  in 
**uric  acids," — e.  g.^  barbituric  acid,  violuric  acid,  dilituric  acid. 
These  names  were  constructed  before  the  definition  of  the  ur-acids 
given  above,  and  it  would  be  better  to  abandon  them  and  use  the 
ureide  names  exclusively, — ^.^.,  malonyl  urea,  oximidomesoxalyl  urea, 
nitromalonyl  urea,  etc. 

It  is  the  purpose  to  discuss  the  urea  derivatives  of  aldehydo-  and 
keton-carboxylic  acids,  of  glyoxalic  acid  and  acetoacetic  acid  in 
connection  with  the  ureides  and  **ur**  acids  of  the  dicarboxylic 
acids.  These  are  allantoin  and  methyl  uracil.  The  first  can  also  be 
prepared  from  uric  acid,  while  the  methyl  uracil  constitutes  the  start- 
ing out  material  for  the  synthesis  of  uric  acid. 

Xanthine,  theobromine,  theophylline,  theine  or  caffeine,  and 
guanine,  hypoxanthine,  adenine,  etc.,  are  related  to  uric  acid. 


Ureides  or  Carbamides  of  Aldehyd-  and  Keto-mono-car- 

boxylic  Acids. 

These  bodies  allv  themselves  with  the  ureides  of  the  oxvacids, 
hydantoin,  and  hydantoTc  acid,  which  have  already  been  discussed 
(p.  401). 

NH.CH.OH 
Glyoxyl  Urea  and  Allanturic  Acid,  C0<  ^        1  (?),   and 

H.  CO. NIL  NH— CH— NH       ^ 

I  >C0  (?) ,  as  well  as  Allantoin,  C0<  1  >C0,  are  ureides 

CO-XH"         ^^  ^NH,  CO— NH 

of  glyoxylic  acid. 

Allantoin  is  present  in  the  urine  of  sucking  calves,  in  the  allantoic  liquid  of 
cows,  and  in  human  urine  after  the  ingestion  of  tannic  acid.  It  has  also  been 
detected  in  beet  juice  (H.  29,  2652V  It  is  produced  artificially  on  heating  glyoxalic 
acid  (also  mesoxalic  acid,  CO(CO,H),)  with  urea  to  loo''. 

Allantoin  is  formed  by  oxidizing  uric  acid  with  PbOj.MnO,,  potassium  fern- 
cyanide,  or  with  alkaline  KMnO^  (13.  7,  227). 

Allantoin  crystallizes  in  glistening  prisms,  which  are  slightly  soluble  in  cold 
water,  but  readily  in  hot  water  and  in  alcohol.  It  has  a  neutral  reaction,  but  dis- 
solves in  alkalies,  forming  salts. 

Sodium  amalgam  converts  allantoin  into  glyco-uril,  or  acetylene  urea. 

Allanturic  acid  is  obtained  from  allantoin  on  warming  with  baryta  water  or  with 
PbO^,  and  by  the  oxidation  of  glycolyl  urea  (hydantoin,  p.  401). 


r 


CARBAMIDES  OF   DICARBOXVLIC  ACIDS. 

Glyaxyl  urea,  iloul  needles  dissolving  readily  in  wntcr, 
of  oxonic  add,  C.H.N.O,,  rcsullitig  trom  llie  oxidalioa  o: 

Pyruvil,  C0<  i'  >C0(?).  is  fonned  when  pyrorw. 


•K  heated  (A.  chiiu.  phys.  [;]  ii 


3731  togelher. 


Methyl  Uracyl,  CH^jJ^^-  5JJ[)co.  is  produced  when  urea  acts  J 
upon  acetoacetic  ester.     It  is  the  starting-out  material  for  ihe  syn- 
thesis of  uric  acid.     To  convert  it  into  the  latter  it  is  first  changed  I 
into  derivatives  of  the  hypothetical  uracyl,  '-^O^q  ~  nhx*^'    ^°™"  I 
pare  synthesis  of  uric  acid,  p,  513  (A.  251,  235). 


UREIDES  OR  CARBAMIDES  OF  DICARBOXVLIC  ACIDS. 

The  most  imporlaiil  members  of  this  class  are  parabaiiic  acid  and 
alloxan.  They  were  first  obtained  by  oxidizing  uric  acid  with  nitric 
acid.  These  cyclic  utfides  by  moderated  action  of  alkalies  or  alkaline 
earths  are  hydrolyzed  and  become  "  ur  "-acids.  When  the  action  of 
the  alkalies  is  energetic,  the  products  are  urea  and  dicarboxylic  acids 
—e.g.: 


>CO  - 


H^ 


CO,H 


NH, 


CO_NH  H,0         CO,H       Nfl, 

CO_NH  Ba(OH),      Co^ 

Omlyl  Ul«  0> 
Pimbuik  Acid 

NH.CO 
Oxalyl  Urea,  C0<         <   ,  Parabanic  Acid,  is  produced  in  the 

oxidation  of  uric  acid  and  alloxan  with  ordi 
74).  It  is  synthetically  prepared  by  the  aciii 
ture  of  urea  and  oxalic  acid.  Ii  is  soluble  : 
not  in  ether. 

Its  sail  are  aaaulile ;  wBler  converts  Ihem  at  once  into  oxilurales.     Silver  oiliate 

precipitatrs  (he  crystalline  diiilvtr  mil.  C,Ag,N,0,.  fruin  sointions  of  Ihe  acid. 

Oxalylmeihyl  Urea.  Methyl  Parabanic  Acid.  t:;,H(CH,)N,0,,  is  formed  by 
boiling  melhj'l  uiic  ncid,  or  melhyl  alloaan,  with  nitric  acid,  or  by  dealing  Iheo- 
bromine  with  a  chromic  acid  mixture.     It  is  soluble  in  ether,  and  mells  ^t  149,  j°. 

Oxalyldimethyl  Urea,  Diroctbyl  Parabanic  Acid.  C,(CH,),N,0,.  Cholea- 
tropfaane,  is  oblained  from  dimethyl  alloxan  and  ibelne  by  oxidation,  or  by  healing 
melhy]  iodide  with  silver  parHbanale.     Il  melts  at  145°  and  distils    '  ~~'" 


nary  nitric  acid  (A.  182, 
in  of  POCl,  upon  a  mix- 
n  water  and  alcohol,  but 


results  from  the  action  of 
bromine  upon  parabanic  acid.  Free  oxaluric  acid  is  a  crystallir 
powder,  dissolving  with  difficulty.  When  boiled  with  alkalies  c 
water,  it  decomposes  into  urea  and  oxalic  acid  ;  healed  to  200'  wit 
POCI(,  il  is  again  changed  into  parabanic  acid. 

43 
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The  ammonium  salty  C,Hj(NHJN,04,  and  the  silver  salt ^  C,H,AgN,04,  crystal- 
lize in  glistening  needles. 

The  ethyl  ester ^  CjHj(C,H5)N,04,  is  formed  by  the  action  of  ethyl  iodide  on  the 
silver  salt,  and  has  been  synthetically  prepared  by  letting  ethyl  oxalyl  chloride  act 
upon  urea.     It  melts  at  177**. 

Oxaluramidc,  CO<^{J  •^^- ^^-  ^^^«*  Oxalan,  is  produced  on  heating  ethyl 

oxalurate  with  ammonia,  and  by  fusing  urea  with  ethyl  oxamate. 

NHCO 
Ozalyl  Quanidine,  HN  :  C<        I    ,  is  formed  from  oxalic  ester  and  guanidine 

(B.  26.  2552;  27,  R.  64). 

Malonyl  Urea,  ^0<CMif '  CO^^^*'  Barbituric  Acid,  is  obtained  from  allox- 

antin  by  heating  it  with  concentrated  sulphuric  acid,  and  from  dibrombarbituric 
acid  by  the  action  of  sodium  amalgam.  It  may  also  be  synthetically  obtained  by 
heating  malonic  acid  and  urea  to  loo**  with  POCl|.  It  crystallizes  with  two  mole- 
cules of  water  in  large  prisms  from  a  hot  solution,  and  when  boiled  with  alkalies  is 
decomposed  into  malonic  acid  and  urea. 

The  hydrogen  of  CH,  in  malonyl  urea  can  be  readily  replaced  by  bromine,  NO,, 
and  the  isonitroso-group.  The  metals  in  its  salts  are  joined  to  carbon,  and  may  be 
replaced  by  alkyls  (B.  14,  1643;  15,  2846). 

When  silver  nitrate  is  added  to  an  ammoniacal  solution  of  barbituric  acid,  a 
white  silver  salt,  QH^AgjNjOj,  is  precipitated.     Methyl  iodide  converts  this  into 

a-Dimcthylbarbituric    Acid,    CO<^J^ "  ^q>C(CH3),.       This    forms   shining 

laminre,  does  not  melt  at  200°,  and  sublimes  readily.  Boiling  alkalies  decompose 
it  into  CO,,  NH3,  and  dimethyl  malonic  acid.  Its  isomeride,  j3-Dimcthyl  Bar- 
bituric Acid,  CO<ij/pH*l    CO-^^^«'  ^^  proti"^^^  ^"^o™  malonic  acid  and  dimethyl 

urea  through  the  agency  of  POCI3,  or  by  the  reduction  of  dichlormalonyl  dimethyl 
urea  (B.  27,  3084).     It  melts  at  123°. 

Malonyl   Guanidine,  NH:C<j^pj'^Q>CH„  from  malonic  ester 

and  guanidine  (B.  26,  2553),  affords  derivatives  analogous  to  those 
of  malonyl  urea,  e.  g.,  isonitrosomalony  I  guanidine^ 

NH :  C<^ j^ '  CQ>C :  N .  OH,  which  hydrogen  sulphide  reduces  to  amido- 

malonyl  guanidine,  NH:  C<nh.CO'^^^' ^^^**  Potassium  cyanate 
converts  the  latter  into  imidopseudo-uric  acid,  carbamidomalonyl 
guanidine,  NH :  C<^{^ ;  c8>C"  .  NH .  CO  .  NH,. 

Tartronyl  Urea,  C0<^^  '  ^q>CH  .  OH,  Z>/a/«riV  y^^i^,  is  formed  by  the 

reduction  of  mesoxalyl  urea  (alloxan)  with  zinc  and  hydrochloric  acid,  and  from 
dibrombarbituric  acid  by  the  action  of  hydrogen  sulphide.  On  adding  hydrocyanic 
acid  and  potassium  carbonate  to  an  aqueous  solution  of  alloxan,  potassium  dialurate 
separates  but  potassium  oxaluiate  remains  dissolved  : 

2C^H3N,0^  -f-  2KOH  =  QHgKNjO^  -f  CjHjKNjO,  +  CO, 

Potassium  Dialurate     Potassium  Oxsdurate. 

Dialuric  acid  crystallizes  in  needles  or  prisms,  shows  a  very  acid  reaction,  and  forms 
salts  with    I  and  2  equivalents  of  the  metals.     It  becomes  red  in  color  in  the  air, 


absorbs  oivgcn  and  pius^i  ov 
Tarlronyl  Dimethyl  Ure 


MBTHVL  URAUILS. 
vtt  into  Blloxantin,  aC.H.N.O,  +  O  =  C,H(N,0,  - 


ii  oblained  by  the  action  or  fuming  nilricRcid  upon  barbituric  acid  and  by  the  oxidad 
of  violuric  acid  (B.  t6.  11J5},     It  cryslalliiu  wiih  lliree  molecules  of  waler  and  cin 
exchange  three  hydrogen  atoms  for  metals,      NiUemahnyl  nimrtkyl  frm  melts  at 
I4Ji'>{B.  38,  R.  321). 

Amidomalonyl  Urea.  Amidobarbituric  Add.  CO<^[J  *  ^^>CHNH, 
(Utamil,  Dialuramide,  Murexan),  ii  obtained  in  the  reduction  of  nitro-  and  isonitcoao- 
harbiluric  acid  with  hydriodic  acid;  by  boiling  ihioDuric  acid  with  water,  and  by 
boiling  alloxantin  with  an  ammonium  chloride  solution.  Alloxan  remains  insolation, 
while  uramil  cryilaliixes  out.  It  is  only  slightly  soluble  in  water,  and  crystalliKi  in 
colorless,  shining  needles,  which  redden  on  eiposure.  Murciide  (p.  510)  is  pro- 
duced when  the  solution  is  boiled  with   nmmoiiia.     Nitrous  acid  converts  uiamil  into 

Methyl  Uramils. — In  order  lo  indicalE  the  positions  of  the  methyl  groups,  the 
uramil  carbon  and  nitrogen  atoms  are  marked  vrith  the  numbers  i  to  7.  acconliiig  ut._ 
the  following  diagram,  which  shows  the  numbering  of  the  uric  acid  nucleus  (p.  ^iV^jF 


L 


i.yDimtfhyl   Uramil,  CH<JJ(^U»J-^q>CH  ,  NH„  melts   with  decompo 
lion  at  aoo".      It  is  produced  when  hydrochloric  acid  nets  upon  aminemum  dim 
thioHuralf,  CO[N(i:;H,)t:0],  ,  CH  .  NH  .  SO,NH,  +  2H,0— the  product  reii 
from  the  action  of  ammonia,  sulphur  dioxide,  and  ammonium  carbonate  upon  a  soIh 
lion  of  dimethyl  alloxan  (B.  37,  3088].  T 

1.3.7-  Trimelhyl  Uramil,  CO<j5[^||>J  '  co-^^H  .  NH  .CH„  decomposes  whJ 
rapidly  healed  at  loo".  II  is  formed  from  dimethyl  alloxan  by  ihe  action  of  melhyQ 
amine  sulphite,  and  then  hydrochloric  acid  (B.  30,  564). 

Amidomalonyl  Quanidine,  see  Methyl  Guanidinc,  p-  506. 

Pseudouric  Acid,  Carb.imiii<ym„Unyl  Urta,CO<  EJ[.{ "  ^q>CIINH  .  CONH,. 
Uramil  and  urea  heated  lo  iSo°  yield  the  amraoniuin  salt  of  ihisacid.  The  potassium 
sell  iaobtained  from  uramil  or  from  murexide  and  potassium  cyanate. 

Methyl  Paeudouric  Acida  are  obtained  from  the  corresponding  methyl  uramils, 
which  for  this  purpose  need  not  li«  isolated,  when  they  are  treated  with  potassium 
cjanalc.  When  heated  lo  150°  with  fusing  oxalic  acid,  or  when  boiled  with  hydro- 
chloric acid,  they  lose  water,  and  yield  the  corresponding  uric  acids.  In  this  manner 
the  following  bodies  have  been  prepared : 

T-Monomtlhyl  Psiuda-uric  Acidy  \.yDimclhylp!eHJs-urii  AiiJ,  t.J.J-Tritiiefij/t 
PifuJc-un'c  Add  (B.    30,  S59),  a- Imidefieuilo-uric  Acid,  Carbarn idomalonyl  Cub 
dine,  p.  506. 

Thiouramil,  CO<IJ{J"  ^Jf  ^^i^C.  NH„  resulu  when  a  solution  of  poiassii 
urate  is  heated  with  ammonium  sulphide  to  155-I60"  (B.  a8,  R.  909 ;  A.  388,  157)! 
It  is  a  strong  acid.     Its  solution  imparts  an  orange  color  to  a  |Mne  chijj.     It  give"  ■■■ 
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murexide  test  (p.  510).     Nitric  acid  oxidizes  it  to  sulphuric  acid  and  alloxan. 
Thiodimcthyl   Uramil,  CO<^|^|J»|-^[^^)>NH„  ^Thiopscudouric    Acid 

C0<        *    ^       -'^C.  NHCO.  NH,,  is  obtained   from  thiouramil   and  potassioin 
NH .  CO  — ^ 

cjanate  (A.  288,  171). 

Alloxan,  Mesoxalyl  Urea,  CO<^J][;^g>C<gg4-3H,0,  is  pro- 
duced by  the  careful  oxidation  of  uric  acid,  or  alloxantin  with  nitric 
acid,  chlorine,  or  bromine.  Alloxan  crystallizes  from  warm  water  in 
long,  shining,  rhombic  prisms,  with  4  molecules  of  HjO.  When 
exposed  to  the  air  they  effloresce  with  separation  of  3H,0.  The  last 
molecule  of  water  is  intimately  combined  (p.  497),  as  in  mesoxalic 
acid,  and  does  not  escape  until  heated  to  150®. 

Alloxan  is  easily  soluble  in  water,  has  a  very  acid  reaction,  and  possesses  a  dis- 
agreeable taste.  The  solution  placed  on  the  skin  slowly  stains  it  a  purple  red. 
Ferrous  salts  impart  a  deep  indigo  blue  color  to  the  solution.  When  hydirocyanic 
acid  and  ammonia  are  added  to  the  arjueous  solution,  the  alloxan  decomposes  into 
CO,,  dialuric  acid,  and  oxaluramide  (p.  506),  which  separates  as  a  white  precipitate 
(reaction  for  detection  of  alloxan). 

Alloxan  is  the  starting-point  for  the  preparation  of  numerous  transposition  products 
(Baeyer,  A.  127,  i,  199;  130,  129),  which  have  in  part  already  received  mention, 
and  some  of  which  will  be  discussed  after  alloxan.  These  genetic  relationships  are 
expressed  in  the  following  diagram : 

(I)  /Ov 

PQ^NH.CO  ^pQ ^  co«^^"-^o^c— c<r^o-N"^co  m 


(2)       Alloxan  \  (9) 


I      co<-5;^->CH.OH 


NH.CO. 


A' 


(3)  Alloxantin 

co<?5S:88>chJ4-  co<N{J;g8>CHNO, 

(5)   Barbituric  Acid  (8)  -^    Dilituric  Acid 


(6) 


Dialuric  Acid  1 

w  NH  CO 

^°<nhL  '^co<nh:c8>c  =  n.oh>  co<nhco>chnh.' 

Parabanic  Acid  Viol  uric  Acid  ^''  Uramil. 

(1)  Reducing  agents,  e.  g.y  hydriodic  acid  (SnCl,,  IIjS,  Zn  and  hydrochloric 
acid),  convert  alloxan  in  the  cold  into  alloxantin  (p.  509);  (2)  on  warming,  into 
dialuric  acid  (p.  506).  (3)  Alloxantin  digested  with  concentrated  sulphuric  add 
becomes  barbituric  acid  (p.  506)  ;  (4)  fuming  nitric  acid  changes  it  to  dilituric  acid ; 
(5)  and  with  potassium  nitrite  it  yields  violuric  acid,  (6)  (7)  Uramil  results  from  the 
reduction  of  dilituric  acid  and  violuric  acid.  (8)  Dilituric  acid  is  formed  when 
violuric  acid  is  oxidized.  (9)  Hydroxylamine  converts  alloxan  into  its  oxime — 
violuric  acid.  (lo)  Boiling  dilute  nitric  acid  oxidizes  alloxan  to  parabanic  acid  and 
CO,. 

The  primary  alkali  sulphites  unite  with  alloxan  just  as  they  do  with  mesoxalic 
acid,  and  we  can  obtain  crystalline  compounds,  e.  g.^  C^HjN^O^.  SOjKH  -f-  H,0. 
Pure  alloxan  can  be  preserved  without  undergoing  decomposition,  but  in  the  presence 
of  even  minute  quantities  of  nitric  acid  it  is  converted  into  alloxantin.  Alkalies,  lime 
or  baryta  water  change  it  to  alloxanic  acid,  even  when  acting  in  the  cold.  Its 
aq'ieous  solution  undei^oes  a  gradual  decomposition  (more  rapid  on  heating)  into 
alloxantin,  parabanic  acid,  and  CO,.  For  the  action  of  o-diamines  upon  alloxan,  see 
B.  26,  540;  for  that  of  pyrazolon  derivatives,  see  A.  255,  230. 

Methyl  Alloxan,  CO<^^j^^»^  "~  co>^^'  **  produced  by  the  oxidation  of 
methyl  uric  acid. 


Dimethyl  Alloxan,  C0<; 


NtCFf,)  — CO^ 


CXJ, 


tlilorine  (hydrochloric  »cid  and  KCfO,)  »Cls  on  thelne,  and  l.jr  the  catetul  oxidUion 
ui  ictrametliyl  alloxantin  [il.  37,  30H3J.  When  il  is  bailed  wjlh  nitric  tad,  melbyl  Mid 
dimelbylparjbanic  acids  are  fomied. 

Dibrommalonyl    Urea,    DihomiariUuric  Add,   CO<JJ,jXj>CBr,,  reiuJU_ 
when  biomine  acis  upon  bubituiic   acid,  nilro-,  amido-   and   isonitioso-barlHiiu 

Oximidonieeoxalyl  Urea,  Isenitrasebarbilurit  Arid,  Vitlurii  Arid, 

™<NHCO>"^  =  "''"■ 
[lie  oxime  of  ftlloian,  the  lirst  known  "keloxime,"  is  obtained  bf  the  action  of 
polassium  nilrite  on  barbituric  acid,  aod  of  hydroxy  lam  ice  upon  alloxan.     It  iinile) 
with  metals  to  Iocdi  blue,  violet,  or  yellow  colored  sails.     When  liealed  wilh  the 
alkalies,  it  breaks  down  into  urea  and  isonilrosomalonic  acid  (p,  498).     Ozimx 
mtiuxatyl  Dimtlhyl  Una  meltj  at  141"  (B,  28,  3141 ;  R.  gia). 

Alloxan  phtnylhydraximt  melts  with  decomposition  at  295-300°  (B.  34,  4)40). 

Allaxan  lemimriiuide  decomposes  al  idcP  (B.  30,  131). 

Thionuilc  Acid,  CO<K^' QQ>C<g^{j,  sulphamidobarbituric  ■ 
lained  by  heating  isonitrosobarbltutic  acid  or  alloxan  with  ammonium  sulphite. 
mtthyl  TiigHun'r  Acid,  see  B.  27,  30S6. 


Alloxanic  Acid,  CO<i; 


NH. CO. CO. CO. OH 

NH,. 


IC  baryta  nalei  be  added  to 


I  of 
the 

to  ■  fl 


wann  solution  of  alloxan,  as  long  as  the  precipitate  which  forms  continues  to  dissolve, 
barium  alloianate,  C,lI,BaN,Oj  ^  4H,0,  will  separate  out  in  iieedles  when  the 
Eolulion  cools.  To  obtain  the  free  acid,  decompose  the  barium  sail  with  sulphuric 
acid  and  rvaporalc  at  a  temperature  of  30-40°.  A  mass  of  crystals  is  obtained  by 
this  means.  Water  dissolves  them  easily.  Allo»anie  acid  is  a  (liba5ic  acid,  iaasmucfi 
as  both  the  hydrogen  of  carboiyl  and  of  the  imide  group  con  be  eichanged  for  metals. 
When  the  salts  are  boiled  with  water,  they  decompose  into  urea  and  mesoxalatei 
(P-  497) 

Diure'ides. — Parabanic   acid,  alloxan,  and   dimethyl  alloxan  i 
ureldes.    Two  molecules  of  each  unite,  and  by  reduction  the  diureldflfl 
result.     They  are  oxalantin,   alioxantin,   and   atnalic   acid, 
probably  sustain  the  same  relation  to  the  simple  ureides  that  letift^ 
methyl  ethylene  oxide  ([>.  399))  the  anhydride  of  pinacone,  bears  tf 
acetone, 


»  olitained  by  the  reduction  of  p 


yO^ 


reducing  alloxan  with  SnCI,,  line  and  bydrochluric  acid,  or  H,S  in  tlie  cold  ;  or  by 
mixing  solutions  of  alloxan  and  dialuric  acid.  It  can  also  be  obtained  from  convicin, 
a  substance  from  I'iria  Faba  minor  and  Vicia  saln'a,  when  they  are  healed  with 
tulpburic  or  hydrochloric  acid  (B.  3g,  2li>6).  Il  is  most  readily  prepared  by  warming 
uric  acid  with  dilute  nitric  acid  (A.  147,  367).  It  crysCalliies  from  hot  H,0  in  stnall, 
hard  prisms  with  3H,0  and  turns  red  in  air  containing  ammonia.  Its  solution  has  an 
acid  reaction;  ferric  chloride  and  aniinonia  give  it  a  deep  blue  color,  and  baryta 
water  produces  a  violet  precipitate,  which  on  boiling  is  converted  into  a  mixture  of 
n  alloxanate  and  dialurale.   On  boiling  alloxanlin  nith  dilute  nlphurlc  a< " 


Rnges  t< 


salt  of  iydur. 


with  cyanamide,  foitniDg  iteurie  arid  ( B.  ag,  3107). 


acid,  C,H,N,0,  +  iHjO,   It  combitiea    ' 
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Tetrameihyl  Alloxantin,  Cg(CH3)^N/ ),,  Amalic  Acid,  is  formed  by  the  action 
of  nitric  acid  or  chlorine  water  upon  theliie,  or,  better,  by  the  reduction  of  dimethyl 
alloxan  (see  above)  with  hydrogen  sulphide  (A.  2x5,  258].  Its  deportment  is  similar 
to  that  of  alloxan. 

Purpuric  Acid,  CgH^NjO^,  is  not  known  in  the  free  state,  because  as  soon  as  it 
is  liberated  from  its  salts  by  mmeral  acids  it  immediately  decomposes  into  alloxan 
and  uramil.  The  ammonium  sait^  CgH^(Nn^)N5(),  -|-  HjO,  is  the  dye-stuff  »f«r- 
rxidf.  This  is  formed  by  heating  alloxantin  to  100''  in  ammonia  gas  ;  by  mixing 
aramoniacal  solutions  of  alloxan  and  uramil ;  and  by  evaporating  uric  acid  with  dilute 
nitric  acid  and  pouring  ammonia  over  the  residue  (murexide  reaction). 

Murexide  se{)araies  from  the  solution  on  cooling.  It  forms  four-sided  plates  or 
prisms  with  one  molecule  of  H^O,  and  has  a  gold-green  color.  It  dissolves  in 
water  with  a  purple-red  color,  but  is  insoluble  in  alcohol  and  ether.  It  dissolves 
with  a  dark  blue  color  in  potash  ;  on  boiling,  NH,  is  disengaged  and  the  solution 
decolorized. 

NH.C.NH 

Uric    Acid,    QH.N^Oj.c'O  C-NH         »    is    a    white,    crystalline, 

NH-CO 
sandy  powder,  discovered  by  Scheele  in  1776  in  urinary  calculi.  It 
occurs  in  the  juice  of  the  muscles,  in  the  blood  and  in  the  urine, 
especially  pf  the  carnivorge,  the  herbivorse  separating  hippuric  acid ; 
also,  in  the  excrements  of  birds,  reptiles  and  insects.  When  urine  is 
exposed  for  a  while  to  the  air,  uric  acid  separates  ;  this  also  occurs  in 
the  organism  (formation  of  gravel  and  joint  concretions)  in  certain 
abnormal  conditions. 

History. — Liebig  and  Wohler  (1826)  showed  that  numerous  transposition  products 
could  be  obtained  from  uric  acid.  Their  relationshi|)s  and  constitution  were  chiefly 
explained  by  Baeyer  in  1 863  and  1 864.  In  consequence  of  certain  experiments  of 
A.  Strecker,  Medicus  (1875)  proposed  the  structural  formula  given  above  for  the 
acid.  This  was  conclusively  proven  by  E.  Fischer  in  his  investigation  of  the  methy- 
lated uric  acids. 

The  results  derived  from  analysis  were  confirmed  by  the  synthesis 
made  in  t888  by  R.  Behrend  and  O.  Roosen.  They  proceeded  from 
acetoacctic  ester  and  urea  (p.  513).  Horbaczewski  (1882-1887)  had 
l)reviously  made  syntheses  of  uric  acid  at  elevated  temperatures,  but 
obtained  poor  yields.  They  consisted  in  melting  together  glycocoll, 
trichlorlactamide,  etc.,  with  urea.  No  clue  as  to  the  constitution  of 
the  acid  could  be  deduced  from  these.  In  1895  E.  Fischer  and  Lorenz 
Ach  showed  how  pseudouric  acid,  previously  synthesized  by  A.  Baeyer, 
could  by  fusion  with  oxalic  acid  be  converted  into  uric  acid. 

Preparation. — Uric  acid  is  best  prepared  from  guano  or  the  excrements  of  reptiles. 

Properties. — Uric  acid  is  a  shining,  white  powder.  It  is  odorless 
and  tasteless,  insoluble  in  alcohol  and  ether,  and  dissolves  with 
difficulty  in  water ;  i  part  requires  15,000  ])arts  water  of  20®  for  its 
solution,  and  1800  parts  at  100°.  Its  solubility  is  increased  by  the 
presence  of  salts  like  sodium  phosphate  and  borate.  Water  precipi- 
tates it  from  its  solution  in  concentrated  sulphuric  acid.     On  evap)- 


I 


urating  uric  acid  to  dryness  with  nitric  acid,  we  obtain  a  )■ellofl^ 
residue,  which  assumes  a  purjile-red  color  if  moistened  with  ammonia,  ■ 
or  violet  with  caustic  poiash  or  soda  (murexide  reaction,  p.  510). 
Uric  acid  healed  wilh  ammonium  sulphide  changes  to  thiouramil 
(p.  507).  Heat  decomposes  uric  acid  into  NHj,  COi,  urea,  and  cyan- 
Uric  acid  is  a  weak  dibasic  acid.  It  forms  primary  salts  wilh  the 
alkaline  carbonates.  The  secondary  alkali  salts  are  obtained  by 
dissolving  the  acid  in  ilie  hydroxides  of  potassium  and  sodium ;  ihey 
are  changed  to  the  primary  fonn  by  CO,  and  water.  When  CO, 
conducted  through  the  allcaiine  solution,  the  primary  salts  are  pi 
cipitaled. 

The  primary  sail,  C,H,KN,0„  diuoWes  in  800  parts  of  water  al  20°.  The  ~ 
primary  sffJium  tnll  is  more  insoluble.  The/nniiwy  amitionittm  sail  is  a  sparingly 
soluble  powder.  The  lilkium  salt  ( I.ipowiti]  is  much  more  soluble  (in  368  parts  of 
walCT  at  19°)  (A.  Ill,  3jlj,  hence  iithium  mineral  walets  ate  used  in  such  diseases 
where  Ihere  is  an  excessive  sccretiou  of  uric  acid.  Thi&  salt  is,  however,  greatly  sur- 
passed by  ihe/j^racwm//.  CjH.N.O,.  NH<^||»- ^};}t>NH  (FinielbetE),  which 
dissolves  in  50  purl!  of  water  it  17'  (B.  as,  3718).  The  /yiidtne  or  the  methyl- 
f:lyBxalidi»e  sail  (Ladenburg)  is  even  more  soluble  {one  part  id  6  parts  of  water;  B. 
17,  3951). 

Methyl  Uric  Acids. — The  four  hydrogen  atoms  in  uric  acid  can  be  replaced  by 
methyl.  In  all  methyl  uric  acids  the  methyl  groups  are  linked  la  nitrogen  ;  this  is  also 
the  case  wilh  tetnunethyl  uric  acid,  and  in  conjunction  wilh  the  decompositions  and 


ley 

% 


NH  — CO 


jynlhesis  of  uric  acid,  argues  for  the  ronnals, 


io 


-NH^ 


>C0,  without,  how-1 
ittuching  to  formulH 


N  =  C,Oi! 


N  - 


-N   ^" 


To  indicate  the  position  of  the  mclhyl  groups  in  the  methyl  uric  acids  ai 
stilution  of  other  bodies  containing  the  same  helero-twio  ring,  E.  Fischer  suggested 
thai  the  carbon  and  nitrogen  atoms  of  the  nucleus  contained  in  uric  acid  and  bodies 
related  lo  it  be  numbered,  and  that  Ihe  hydrc^en  compound  of  the  nucleus,  CjN,H(, 
which  could  hare  two  formulas,  should  be  called  "furin": 


-c 

N  =  CH 

N  =  CH 

,i-S. 

HC      C  — NHv 

Ht      h- 

-i.-x^ 

N  — C  — 

5>2 
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split  off  water  and  yield  them.  Three  mono-,  four  di-,  and  two  tri-methyl  aric  acids 
are  known  in  addition  to  tetramethyl  uric  acid. 

f^- Methyl  Uric  Acid  (/?)  is  formed  together  with  I-  or  'y Methyl  Uric  Acid  (a)  when 
lead  urate  is  treated  with  methyl  iodide  in  ether  at  150-160®.  The  first  is  converted 
by  nitric  acid  into  alloxan,  the  second  into  methyl  alloxan.  When  heated  with  hydro- 
chloric acid  both  pass  into  glycocoll.  *J-Methyl  Uric  Acid  (7-)  is  obtained  from 
7-methyl  pseudouric  acid  (p.  507). 

i.()-or  '^.^- Dimethyl  Cric  Acid  (a-)  is  made  from  basic  lead  urate  and  methyl 
iodide.     T .^- Dimethyl  Uric  Add  (^-)  see  B.  17,  1 780. 

l.yDimethyl  Uric  Acid  (y-)  is  obtained  from  1.3-dimethyl  pseudouric  acid 
(p.  507) ;  see  also  theophyllin  (p.  515).  ^.T-Dimethyl  Uric  Acid  (6)  is  formed 
from  7-methyl  uric  acid;  see  also  theobromine  (p.  514).  ^.J.g-Trimethy/  Uric 
Acid  (a-)  is  derived  from  7.9-dimethyl  uric  acid.  l.^T'Trimelhyl  Uric  Acid^ 
from  1.3.7-trimethyl  pseudouric  acid  (a-),  is  identical  with  hydroxycaffein  (B.  30, 
567).  Tetramethyl  Uric  Acid  is  made  from  trimethyl  urate  of  potassium  and  methyl 
iodide. 


OXIDATION  OP  URIC  ACID. 

Mesoxalyl  urea  or  alloxan  and  oxalyl  urea  or  parabanic  acid  are 
produced  when  uric  acid  is  oxidized  with  ordinary  nitric  acid.  When 
the  acid  is  carefully  oxidized  either  with  cold  nitric  acid  or  with 
potassium  chlorate  and  hydrochloric  acid,  it  yields  mesoxalyl  urea  and 
urea.  Allantoin  is  produced  when  potassium  permanganate,  or  iodine 
in  caustic  potash,  acts  upon  the  acid  (B.  27,  R.  902).  When  air  or 
potassium  permanganate  acts  upon  the  alkaline  solution  of  uric  acid 
(B.  27,  R.  887  ;  28,  R.  474),  uroxanic  acid,  CsHgN^Oa,  is  produced; 
this  the  alkali  changes  to  oxonic  acid,  C4H5N3O4.  These  are  two 
bodies  whose  constitution  has  not  yet  been  made  clear.  These  reac- 
tions suggest  the  following  diagram,  in  which  the  breaking-down  of 
alloxan  and  parabanic  acid  is  considered  : 


NH— C— NH 

I        II         >co 

CO      C— NH 

NH— io 
Uric  Acid 

C.H,N,0, 
Uroxanic  Add 


C,H,NA 

Oxonic  Acid 


NH  .  CH . NH 

I  >co 

:0     CO  .  NH 

NH, 
AIlantoTn 


I: 


NH— CO 

CO      CO 

NH— CO 
Alloxan 

NH-CO 

CO      CO 

I  NH,  CO,H 
Alloxanic  Acid 

■^NH,   CO,H 
CO      CO 

NH,  ro^H 

Mesoxalic  Acid 


i 


NH— CO 

is:h— CO 

Parabanic  Acid 


NH— CO 

NH,  CO,H 
Oxaluric  Acid 

NH, .  CO,H 

CO 

NH,   CO,H 
Oxaluric  Acid. 


One  of  the  two  isomeric  monomethyl  uric  acids,  when  oxidized, 
yields  monomethyl  alloxan  and  urea,  the  other  alloxan  and  mono- 
methyl  urea.  These  reactions  are  readily  understood  if  we  assume 
the  constitutional  formula  of  uric  acid  to  be  as  indicated  above  (E. 
Fischer,  B.  17,  1785). 


SVNTHESIS   OV  UHIC   ACID. 


SI}! 


Uric  acid  is  the  diureide  of  the  hypothetical  body,  CO  =  C(OH) . 
CO,H,  or  C(OH),=  CCOH)— CO,H— the  pseudo-form  of  the  half-l 
aldehyde  of  mesoxalic  add,  CHO .  CO  .  CO,H,  which  has  not  yetfl 
been  prepared. 


(1)  From  Aceloacetic  Ester: 
rotonic  esttr.  Wlien  this  is  sapoti 
lale,  splits  oS  waler  Biid  become 
onvens  the  Utter 


ALDMIC  ACID. 

(I)  Acetw 

IHed  with  alltiili  it  yields  an  acid  wbicb,  ia  a  free! 
1  a  cyclic  urelde — mttkyi uraiyl.    (a)  Nitr 
(3)  wtiose  polauium  si  ' 


nilh  water  losei  ■  mulecule  of  carbonic  acid,  and  becomes  tbe  potassium 
salt  of  nilreuraeyl.   (4)  The  rcduclion  of  llie  latter  with  tin  and  hydrochloric  acid  gifes 
in  part  amiJouTntyl,  and  in  part  oiyuracyl  or  iioiariituric  acid.    (5)  Bromine  water 
' ''"  19  the  latter  to  isodialurit  aeid,  which  when  beued  (6)  with  urea  and  sutpburic   . 
ifirf  (A.  151,135). 

NH.CO  NH  — C— CO  NH— CO 

>-  io    (!h     —V  <!:o     (^— NO,  -^  io    c— NO, 

^H  ,  C.  CH,  NH^C-CO,H  NH-C*H 

Methyl  Uracyf  Nllrouracyllc  Acid  Nilrouracvl 


CO,C,H, 

in, 

CO.CH, 


{a)  From  Malonic  Acid:  (1)  Uren  and  roolonic  acid  heated  to  lot 
POCI,  yield  malonyl  urea,  which  (a)  nitrous  acid  converts  into  osimido-me 
urea  or  violuric  acid.  (3)  When  the  Utter  is  reduced,  amidomalonyl  \ 
uramil  rciults.  (4)  This  is  changed  hy  potassium  cyanaie  into  pseudouri 
(5)  Un  withdrawing  water  from  pseudouric  acid  by  means  of  molten  oialic 
boiling  hydrochloric  ncid,  bm'c  acid  results  (B.  30,  559) : 
CO,H  NH    CO  NH .  CO 

^^ >.  io     C:N.OI 


C0,H 

MafoiilE 


-io 

NH 


lyl  Urea 


NH .  CO 

OximidomMOialyl 


NH  .00  NH  .  CO 

>.  (1.0     ^HNH.CONH,   ^— ^  CO     C  .  NH     ^^ 

NH.CO  i'H.i.NH 

oioce  alioian  and  dimethyl  alloxnn  yield  methylated  pseudouric  icids,  mclhyUlrf  J 
uric  acids  can  also  be  synihesiied  in  this  way. 

Xanthine  Group.— Guanine,  xanthine,  hypoxanthine,  and  carnine  stand  in  cIomI 
rel;iiion  lu  uric  ucid.     Like  it,  they  occur  »a  product*  of  the  metabolism  of  the  ai 


NH.CO 

io     ^HNH, 
NH.CO 
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organism.  Xanthine  and  hypoxanthine  occur  in  the  extract  of  tea.  Theobromine, 
theophylline,  and  thelne  or  caffeine — methyl  derivatives  of  xanthine — are  found  in 
the  vegetable  kingdom : 


HN 


CO 


io       ^- 


NH 


I 
HN 


\ 


-N    ^ 


CH 


Xanthine 
CH, .  N CO 

C  — NH 


CH, 


CO 

I 

N- 


\ 


Theobromine 
CH, .  N CO  ^„ 


C  — N    ^ 


CH 


I 


Theophylline 


CH,.N 


C-N^ 


Caffeine,  or  Theine. 


The  breaking-down  of  xanthine  into  alloxan  and  urea,  and  of  caffeine  into  dimethyl 
alloxan  and  methyl  urea,  by  means  of  potassium  chlorate  and  hydrochloric  acid,  are 
particularly  important  in  the  explanation  of  their  constitution. 

Nitrous  acid  converts  guanine  into  xanthine,  and  by  decomposition  yields  guani- 
dine,  (NII,)2C:NI1  (p.  411),  hence  it  must  be  regarded  as  xanthine  in  which  a 
guanidine  residue  takes  the  place  of  a  urea-residue  ;  f.  f.,  the  oxygen  of  a  CO  group 
is  replaced  by  imide  N  H . 

Adenine  bears  the  same  relation  to  hypoxanthine  that  guanine  sus- 
tains to  xanthine,  inasmuch  as  it  is  converted  by  nitric  acid  into  hypo- 
xanthine. 

The  xanthine  group  compounds  occur  in  beet  juice  (B.  29,  2649)  : 

HN  — CO 
HN=:(!:      C  — NH 


I        II  ^CH 

HN  — C— N    ^ 

Guanine 


HN  — CO 
HC      C— NH 


II        II  ^CH 

N  — C  — N    i^ 
Hypoxanthine 


N  =  C.NH, 
-Hi      C~NH 


11      n  ^CH 

N  — C—     N^ 

Adenine. 


Xanthine  (see  constitutional  formula  above)  occurs  in  slight  amounts  in  many 
animal  secretions,  in  tlie  blood,  in  urine,  in  the  liver,  in  some  forms  of  calculi, 
and  in  tea  extract.  It  results  from  the  action  of  nitrous  acid  upon  guanine  (A.  215, 
309).  It  is  a  white,  amorphous  mass,  somewhat  soluble  in  boiling  water,  and  com- 
bines with  both  acids  and  bases.  It  is  readily  soluble  in  boiling  ammonia ;  silver 
nitrate  precipitates  CgHjAgjN^O^  4-  HjO  from  its  solution.  The  corresponding  lead 
compound  yields  theobromine  (dimethyl  xanthine)  when  heated  to  IOO°  with  methyl 
iodide.  When  xanthine  (analogous  to  caffeine,  page  515)  is  warmed  with  potassium 
chlorate  and  hydrochloric  acid  it  splits  into  alloxan  and  urea. 

Heteroxanthine,  l-methyl  xanthine^  occurs  in  small  quantities  in  urine  (B.  18, 
3406),  and  is  formed  from  theobromine  by  the  splitting  off  of  methyl  (B.  28,  III8; 

29.  R-  47;  30,  554)- 

Theobromine,  ^.^ -dimethyl  xanthine^  occurs  in  cocoa-beans  (from  TTuobroma 
Cacao)  and  is  prepared  by  introducing  methyl  into  xanthine  (see  above). 

Theobromine  is  a  crystalline  powder  with  a  bitter  tnste  and  dissolves  with  difficulty 
in  liot  water  and  alcohol,  but  rather  easily  in  ammonium  hydroxide.  It  sublimes 
(about  290°)  without  decomposition,  when  it  is  carefully  heated.  It  has  a  neutral 
reaction,  but  yields  crystalline  salts  on  dissolving  in  acids  ;  much  water  will  decom- 
|K)se  these.  Silver  nitrate  precipitates  the  compound,  C^H^AgN^O,,  in  crystalline 
form  from  the  ammoniacal  solution  after  protracted  heating.  When  this  salt  is  heated 
with  methyl  iodide  it  yields  methyl  theobromine,  C7H7(CHj,)N^Oj,  1.  ^.,  caffeine. 

Paraxanthine,  1.7  dimethyl  xanthine,  occurs  in  urine  (H.  18,  3406).  It  can  also 
be  prepared  from  theobromine,  from  which  a  methyl  group  can  easily  be  split  oflf  and 
again  introduced  in  another  position.  It  passes  by  methylation  into  caffeine  (B.  30, 
554). 


I 


THEOPHYLLINE.       CAFFEINE.  S^Sl 

Theophylline,   1.3  liimethyl  xanlhiiie,  melting  al  264°,  was 
covered  in    1888  by  Kossel  in  lea  extract.     By  the  action  of  methyl  I 
iodide  u]jon  silver  theophylline  he  obtained  cafTeine  (B.  31,  3164). 
Theopliyllitie  has  been  synthetically  prepared  from  1.3-  or  r-dimelhyl  | 
uric  acid  by  its  conversion  with  PClj  into  chhrtkrofikylline.     This  | 
melts  at  about  300°  with  decomposition ;  hydriodic  acid  reduces  i 
theophylline  (E.  Fischer,  B.  30,  553): 

CHj.N  — CO  CI1,,N  — CO  CHj.N— CO 

CO    C  — NH  CO    C— NHv  CO    C  — NH^ 

CH, .  N  —  C  —  NH  CH, .  N  —  C  —  N^       CH, .  N  —  C  —  N   *^ 

^Dimethyl  Uric  Acid  Chlortheophyllinc  Theophylline. 

CaffBlne,   Coffeine,   Theine,    l.^T-lrimttAyl  xanlkint,  occ 

and  beans  of  the  coffee  tree  (^  per  cent.),  in  lea  (2-4  per  ccdI.  |,  in  I'siaguay 
(from  Iltx  Paraguay tmsis),  in  gvurans  (about  5  per  cent.),  the  roBsted  pulp  of  iht 
fruit  of  Paullinia  soriilis,  and  in  the  cola  nuts  (3  per  cent,),     It  is  also  found 
luinule  qunntilies  in  cocoa.     It  is  used  in  medicine  ■&  a  nerre  stlm 

Citfelne  consists  of  long,  silky  nerdle^  with  one  molecule  of  wiler  ;  they  are  only 
■lightly  soluble  in  cold  water  and  alcohol.  At  lOo'  it  loses  its  water,  and  melts 
at  131". 

It  has  a  feeble  bitter  lasle,  and  forms  salts  with  the  strong  mineral  acid) 
readily  decomposes  them.     On  evaporating  a  solution  of  chlorine  water  containing 
traces  of  caffeine  we  get  a  reddish -brown  spot,  which  acquires  a  beautiful  vioiel 
color  when  dissolved  in  ammonia  water. 

Sodium   hydroiide  converts  thelne  into  caffeUiine  carboxylk  arid,  C,Hi,N,0 
CO,H.  which  readily  decomposes  into  CO,  and  caffftdinf,  C,H„N.O  (B.  16,  2309). 
For  other  caffeine  derivalives  (apocaffeine.  caffuric  acid,  caflblin)  see  A.  ais,  l6t, 
and  318,  141. 

Chlorine  water  breaks  caffeine  up  into  dimclhyl  alloxan  and  methyl  urea  (p.  399), 
Chlorine  and  bromine  convert  caffelneinto  cliIorfaffelHt,  melting  at  lSo°,  and  bnm- 
cafftint,  melting  al  206"*.  Zinc  dust  reduces  both  of  them  to  caffeine.  Alcoholic 
potash  changes  Ihem  to  elhoxytaffane,  melting  at  140".  The  latter  is  decomposed 
by  hydrochloric  acid  into  ethyl  chloride  and  hydroxyiaffitne,  melting  al  345°.  This 
is  identical  wilh  l.-^.^-lrimtlkyl uric  add.  PCIj  converts  h yd ro«y caffeine  into  cb I or- 
caffelne.  Proceeding  from  dimethyl  alloxan,  l.].7-lrimclhyl  uric  acid  may  be  syn- 
thetically made,  and  from  this  caffeine  through  chlorcaffelne.  Furthermore,  the 
lower  homologues  of  caffeine — theobromine  and  Iheopbylline — can  be  synlhesized. 
and  by  introducing  methyl  into  them  caffeine  will  reautl.  This,  then,  is  an  additional 
synlhesisof  caffeine  (E.  Fischer,  B,  30.549): 

CH,N  -  CO  CH,N  —  CO  CH.N  —  CO 

CO   CO y         CO    CHN(CH,)CONH, — ->-      CO    C— N(CH,). 

I      J  II  I      "  ^cn. 

CH,,N  — CO         CHj.N  — CO  CH,N  — C  — NH  ,^-' 


guay  ua 
p  of  the 

id  melts  ^H 

ntaining  ^^| 

ioiei-red  ^H 

j,N,0.-  ^1 

,  Z309)-  ^1 

IS.  i^>.  ^1 

P-  399)-  H 

.d  brum-  ^^" 


CH, .  N  -  CO  -f-    CH.N  -  CO  CH,N  -  -  -. 

CO    C-N{CHJs  CO   C-N(CH,)\^u -«-  CO   C-NH, 

I      I'         _-=-CCi->-  I     I         __-=#  I      li  ic; 

CH. ,  N  —  C  —  N  =^  CH, ,  N  -  C  —  N=^^  CH,  .  N  -  C  —  Ns^ 
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Guanine,  C^H^N^O,  occurs  in  the  pancreas  of  some  animals  and  ^ery  abmulantly 
in  guano. 

Guanine  is  an  amorphous  powder,  insoluble  in  water,  alcohol  and  ether.  It  yields 
crystalline  salts  with  i  and  2  equivalents  of  acid,  e,  g.,  C^H^N^O.  2HCI.  It  also 
forms  crystalline  compounds  with  bases.  Silver  nitrate  gives  a  crystalline  precipitate, 
C,H.N50 .  NO,Ag. 

Nitrous  acid  converts  guanine  into  xanthine.  Potassium  chlorate  and  hydrochloric 
acid  decompose  it  into  parabanic  acid,  guanidine  and  CO.  (p.  41 1). 

2-Amino-6.8-diozypurin  is  obtained  from  2-imi<lopseudouric  acid  (p.  507) 
and  from  bromguanine  (B.  30,  570). 

HN  — CO 

Sarcine,  Hypoxanthine,  HC       C   —  NHv  is  a  constant  attendant  of  xmn> 

N  — C  — N  ^  ' 
thine  in  the  animal  organism,  and  is  distinguished  principally  by  the  difficult  solu- 
bility of  its  hydrochloride.  It  consists  of  needles  not  very  soluble  in  water,  but  dis- 
solved by  alkalies  and  acids.  Silver  nitrate  precipitates  the  compound  CgH,Ag|N^O 
-f  H^O  from  ammoniacal  solutions.  Dimethyl  hypoxanthine  splits  into  methyl- 
amine  and  sarcosine  when  it  is  heated  with  hydrochloric  acid  (p.  317)  (B.  a6,  1914). 

N  =  C.NH, 

Adenine,  HC      (J  —  NHv  polymeric  with  hydrogen  cyanide,  has  been 

II        B  >CH, 

N  — C  — N    <^    ' 

isolated  from  beef  pancreas.  It  also  occurs  in  tea  extract.  It  crystallizes  in  leaflets 
with  pearly  lustre.  It  has  three  molecules  of  water  of  crystallization.  At  54®  the 
salt  becomes  white  in  color,  owing  to  loss  of  water.  Nitrous  acid  converts  it  into 
hypoxanthine,  and  hydrochloric  acid  at  180-200°  converts  it  into  glycocoll,  am- 
monia, formic  acid,  and  CO,  (Kossel,  B.  23,  225  ;  26,  1914). 

Carnine,  C^HgN^G  -f  H,0,  has  been  found  in  the  extract  of  beef.  It  is  a  pow- 
der, rather  easily  soluble  in  water,  and  forms  a  crystalline  compound  with  hydro- 
chloric acid.     Bromine  water  or  nitric  acid  converts  camine  into  sarcine. 


14.   TRICARBOXYLIC  ACIDS. 

A.  PARAFFIN  TRICARBOXYLIC  ACIDS. 

(a)  Tricarboxylic  Acids  with  Two  or  Three  Carboxyls  Attached  to  the  Same 
Carbon  Atom. 

Formation. — (i  a)  By  the  action  of  the  halogen  fatty-acid  esters  on  the  sodium 
compounds  of  malonic  esters,  CIINa(C02R^)2  and  alkylic  malonic  esters,  R'.  CNa- 
(C0jR^)2 — e.  g.y  chlorcarbonic  ester,  chloracetic  ester,  a-brompropionic  ester, 
a-brombulyric  ester,  a-bromisobutyric  ester,  (i  ^)  The  tricarboxylic  esters,  resulting 
in  this  way  from  sodium  malonic  ester,  still  contain  a  hydrogen  of  the  CH^-group  of 
malonic  ester,  and  can  be  acted  upon  anew  with  sodium  and  alkyl  iodides.  They 
then  yield  the  same  esters,  which  are  obtained  by  starting  with  the  monoalkylic 
malonic  esters. 

(2)  By  the  addition  of  sodium  malonic  esters  to  unsaturated  carboxylic  esters, 
e.  g.y  crotonic  ester  (B.  24,  288S ;  C.  1897,  I,  28). 

(3)  Also  by  the  gradual  saponification  of  tetracarboxylic  esters,  containing  two 
carboxyl  groups  attached  to  the  same  carbon  atom,  which  split  off  carbon  dioxide 
and  yield  tricarboxylic  esters   (B.   16,333;  23,633;  A.  2x4,58). 

(4)  By  heating  the  best  adapted  ketone  tricarboxylic  esters  (B.  27,  797),  when 
a  loss  of  CO  occurs. 


TltlCARB0X^1,TC  t 


(CH,),C.CO,H 

CH .  (CO,H), 


(CH,),-C.CO,H 

CH, .  CO,H 

UnBym.  Dimethyl  Suecliiie 


Foi  ibe  snponific&tioii  of  tricBrboiylic  eslen  consull  B.  ag,  1S67. 

Formyl  Tricarboiylic  Ester,  Methenyl  Tricarboxylic  Ester,  CH(CO,- 
C,Hs)„  is  obfflined  from  sodinm  xnalooic  esler,  CHNaiCO, ,  C.Hj),,  Jind  elby] 
cblorcarbonale  (B.  at.  R.  5JI|.i  il  melts  at  29°,  uid  boils  bI  253°. 

Cyaamalonic  Esler,  C!l(CN)(CO,R)„  results  from  the  action  of  cyiiiogen 
chloride  upon  sodium  malonic  ester.  Il  volMiliies  without  decomposition  under 
greatly  reduced  pressure.  It  has  a  very  add  reaction,  and  decomposes  the  alkalioe 
carbonates,  forminE  salts,  lite  CNa(CN|(CO,R),  (B.  aa.  R.  567). 

Cyanofonn,  CH{CN),  -j-  CH,OH  {?).  melts  with  decomposition  at  114°, 
Sodium  cyanororm  is  produced  wben  cjanogen  chloride  acts  upoo  malonitrile  and 
sodium  eihylatc  (B.  ag,  I171). 

Elhenyl  TrJcorboitylic  Eitet,    1     ''       '  '    '    ,  is  obtained  firom  sodium  ethyl 

matooale  and  the  ester  of  chloracelic  acid.  It  boils  bi  278°.  Chlorine  converts  il 
into  Chlorethenyl  Tricarboxylic  Eater.  C,H,C1{C0,.  C,H,),.  This  boils  nt 
j^o°,  and  when  heated  with  hydrochloric  acid,  yields  carboo  dioxide,  hyditicfaloric 
acid,  alcohol,  and  fmnaiic  acid;  when  saponified  with  alkalies,  carbon  dioxide  and 
maltc  acid  are  the  products  (A.  ai4,  44), 

Unsvm.  Dimelhyl  Cyansuccinic  Ester,  B.  37.  R.  506. 

Methyl  a-Cyansuccinic  Ester,   (CO,Cni)CH,CH(CN)CO,CH,.   is  obtained 
from  methyl  cyaoacctic  ester  and  cbloracetic  esler  (B.  14.  R.  557). 
CH,-CH.CO,C,H, 

Propane -aa/3- tricarboxylic   Ester.  \  tj     '  ^^  '*  ^7^- 


(I:H(CO,C,Hi),' 
with  tricarballylic  tcid)  melts  at  146°,  and  breaks  down 


The  free  acid  (iaor 
nto  carbon  dioxide  aj 

Propane-aaS-tricarboiylic  Ester,  1     ''       '    ,  boils  at  173°. 

C,H,,CH,CO,R 
(^H(CO,R),' 
n- Butane -n/?^-triCBrboay lie  Ester,  _  ,,     j,  J^  ,„'    ,  boils  at  281''. 


n -Butane -na/^tricarboxy lie  Ester, 


.  boils  at  278*. 


I 


■'C,H,.l!:(CO,Hi, 

laobutane-aa^-lricarboxylic  Ester.  (CO,R)C{CH,),,CH{CO,R),,  boils  at 
177°.     Compare  B,  33,  648, 

In  these  formulas  R  represent!  C,Hj. 
o-Cyanglultiric  Ester  (B.  ay.  R.  506). 

a-Alkyl-a-Carbaxyrlutarii  Esler.  >At:  A.  agi.  209;  C.  1S97.  I,  28. 
P&-DimtlkyI-a-Cai%<ixy-glnlaru  EiUr,  see  ^j'J.Dimethyl  glutatic  acid,  p.  454. 

{b)  Tricarboxylic  Acids  with  the  Carboxyl  Groups  Attachtdto  Three 
Carbon  Atoms. 

Telra-  and  penla-carboxylic  adds,  containing  one  or  two  pairs  of 
CO,H-groups  attached  lo  the  same  carbon  atom  split  off  carbon  diox- 
ide, and  ntimerotis  representatives  of  the  class  have  been  prepared 
(B.  24,307.  2889;  *5.  R-  746). 

Tricarballylic  Acid,  CH, .  (CO.H)  .  CH{CO,H)CH,CCO,H). 
crystallizes  in  rhombic  prisms,  which   dissolve  easily  in  water,  and 


J 
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melt  at  162-164°.  It  is  obtained:  (i)  By  heating  tribromallyl  with 
potassium  cyanide  and  decomposing  the  tricyanide  with  potash; 
(2)  by  oxidizing  diallyl  acetic  acid  (p.  289);  (3)  by  acting  upon 
ethyl  aceto-succinate  with  sodium  and  the  ester  of  chloracetic  acid, 
then  saponifying  the  aceto-tricarballylic  ester  (see  this) ;  (4)  by  the 
decomposition  of  propane-aa/9)'-  and  a/3/9)'-tetracarboxylic  ester  (B.  24, 
307,  2889  ;  29,  1 281);  (5)  by  the  action  of  nascent  hydrogen  upon 
aconitic  acid,  QHeO^CB.  22,  2921),  and  by  the  reduction  of  citric 
acid  with  hydriodic  acid;  (6)  from  propane-aa^^-pentacarboxylic 
ester  (see  this),  by  the  elimination  of  2COf  (B.  25,  R.  746);  (7)  by 
the  action  of  caustic  potash  upon  citrazinamide  at  150°  (B.  27,  1271, 
3456).  The  acid  occurs  in  unripe  beets,  and  also  in  the  deposit  in  the 
vacuum  pans  used  in  beet-sugar  works. 

The  si/vfr  salt,  C^Uft^K^y  Calcium  tricarballylate,  (C,HjO,),Caj  -f  4H,0,  is  a 
powder  that  dissolves  with  diflRculty.  The  trimethyl  ester,  CiHjCyCH,),.  boils  at 
150°,  under  a  pressure  of  1 3  mm.  The  chloride^  C^H5(C0.C1),,  boils  at  140°  (14 
mm.)  (B.  22,  2921).  Anhydride  acid,  C^H^Oj.  melts  at  131-132**  (B.  24,  2890). 
lyx^triaviidc,  CjH^lCO.NH,),,  melts  at  206°.  The  amidimide,  CeHgO.N,,  melts 
at  173°  (B.  24,  600). 

Camphoronic  Acid,  aaP'Tnmethy/tricarbaiiyiic  Acid, 

CO,H       CO^H      CO,H 
CH3  — c C CH„    melting  at  135°,  is  formed  by  the  oxida- 

CH,        CH, 
tion  of  camphor  and  will  be  discussed  in  connection  with  this,  as  its 
constitution  has   become   of   prime    importance   in   explaining  the 
structure  of  camphor. 

Homologous  Tricarballylic  Acids :  a-Methyl-  two  modifications,  melting  at 
lSo°  and  134°;  /3-J/rMv/- melting  at  164°;  a- Ethyl-  melting  at  1 47- 1 48® ;  an- 
Propyl,  melting  at  151-152°;  ahopropyltricarhallylic  >4<:/V/,  melting  at  l6l-l62° 
(B.  24,  2887).  aoy  Dimethyl  tricarballylic  Acid^  three  modifications;  see  B. 
29,  616. 

a36- Butane  Tricarboxylic  Acid  melts  &i  116-120°. 

aytPentane  Tricarboxylic  Acid  TCif\X&  at  106-107°  (B.  24,  284). 


B.  OLEFINE  TRICARBOXYLIC  ACIDS. 


Aconitic  Acid,    1    '        1  l       >  melts  at   191  ,  and  at  the 

CHj C.^-  — — CH 

same  time  decomposes  into  CO,  and  itaconic  anhydride  (p.  465).  It 
is  isomeric  with  tri methylene  tricarboxylic  acid  (see  this),  and  occurs 
in  different  plants  ;  for  example,  in  Aconitutn  NapeliuSy  in  Equisetum 
fluviattk,  in  sugar  cane,  and  in  beet  roots.  It  is  obtained  by  heating 
citric  acid  alone  or  with  concentrated  hydrochloric  or  sulphuric  acid 
(B.  20,  R.  254). 
Aconitic  acid  has  been  synthetically  made  by  the  decomposition 
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with  alkali  of  the  synthetic  product  resulting  from  the  union  of  i 
mols.  of  oxalic  ester  and  2  mols.  of  acetic  ester, 

co,R'     co,H  co,R'  co,c:h, 

^jj  ^ ^j^ jiy  (B.  34,  120)  ;  as  well  as  by  the  break- 

ing-down of  the  body  obtained  from  sodium  roalonic  ester  and  accly- 
Icne  dicarboxylic  ester  (J.  pr.  Ch.  J^a]  49,  20). 

Aconitic  acid  dissolves  readily  in  water.     Nascent  hydrogen  con- 
verts it  into  tricarbal lytic  acid, 

■[■he  ™/o««   la/r  {C,H,0,),Ca,  +   6H,0.  dissoi.es  wilh  difficulty.      The  /n- 
w.'Mj'/ «frr,  C,H,0,{CH,)„  boils  ■'  i6i°  (I4rom.).     U  resulu  from  ihedislillilicjn    I 
of  acetyl  citric  Irimeihyl  esicr  (B,  18,  1954),  and  from  aconiiicscid,  methyl  alcohol, 
and  hydrochloric  acid  ( B.  ai,  669] , 

The  triamiJf,  C,H,(CONK,)„  is  convened  inlo  citraiinic  scid  (see  Ibis)  by  acMi 
(E.  M,   1078.30541  13.  Sji)- 

Aceconilic  and  Citracetic  Acids,  C,HgO,.  are  two  acids  of  unknown  coniiiiu* 
tion.     They  ate  isomrric  *ilh  aconiiic  acid.     They  result  when  sodium  acis  ujion   ' 
bromacelic  eslct  (A.  135,  306). 

Allene  Tricarbosylic  Esler.  rn,R   CM  :C:r(cn,R)     from   ,J-dibroniacrylic 
ester  and  disodium  maiouje  esler,  mchs  al  107°  (B,  29,  R.  851). 


.   TETRAHYDRIC  ALCOHOLS. 


Ordinary  erythrot  is  the  L>esi  known  of  the  tetrahydric  alcohols  cor- 
responding to  the  four  tartaric  acids  (p.  521),     By  an  intramolecular  ] 
compensation  it,  like  mesoiartaric  acid,  liecomes  optically  inactive, 
and  is  therefore  called  i-erythrol.     This  alcohol  and  [d  + 1]  erythrol 
were  synthetically  prepared  by  Griner  in  1893  from  divinyt. 

Divinyl.  or  butadiEn  (p.  99),  forms  an  unstable  dibromide,  which  rearranges 
itself  at  100°  Inla  two  different  but  stable  dibromidei.  When  these  ue  oxidized  by 
n  permangannle.  the  one  passes  into  Ihe  dibromhydrin  (melting  al  135°)  of 
or  i  erytbcol,  while  the  other  hecooiet  the  dibmmhydtin  (metling  al  83°)  of 
erylhtol.  Caustic  potash  converts  these  two  dibrombydrins  into  Iwo  buta- 
-r  yield  the  ervthrois  corrciponding  to  i*  and  [d  +  1] 


(HO)HC.CH,(OH) 


(HO) .  HC .  CH,Bt  {HO)HC .  CH,(OH) 

CH,BrCH(OH)      ^11,(011)6.  CH(OII) 

nt.  p.  Sj"  (d+l> Erythrol. 


I 
J 


520  ORGANIC  CHEMISTRY. 

i-Erythrol,  Erythtite,  Erythroglucin  or  Fhycite,  CH,(OH) . - 
CH(OH).CH(OH).CH,.OH,  occurs  free  in  the  alga  Protococ.us 
vulgaris.  It  exists  as  erythrin  (orsellinate  of  erythrite)  in  many 
lichens  and  some  algae,  especially  in  Roccella  Montagnei^  and  is  obtained 
from  these  by  saponification  with  caustic  soda  or  milk  of  lime  : 

^*"«{  (o"c*H,0,),  ^  ^"«^  =  C,H,(OH),  -f  2C,H,0,. 

Erythrin  Erythrol       Orsellinic  Acid. 

Like  all  polyhydric  alcohols  erythrol  possesses  a  sweet  taste.  It  melts  at  126° 
and  boils  at  330^. 

By  carefully  oxidizing  erythrol  with  dilute  nitric  acid  erythrose  results.  More 
intense  oxidation  produces  erythritic  acid  and  mesotartaric  acid  (p.  526]. 

i-Nitro-erythrol,  C4H,(ONO,)4,  melts  at  61®  and  explodes  violently  when  struck. 
i-Tetra-acetyl  Erythrol,  C^H,(OCOCH,)^.  melts  at  85°.  i-Erythrol  Dichlor- 
hydrin,  0^^1,(011  ),C1,,  melting  at  125^,  is  formed  from  eiythrol  hy  the  action  of 

concentrated  hydrochloric  acid.     i-Erythrol- Ether,  /       t^tt      u    r^tf   »  boiling 

at  138°,  with  sp.  gr.  1.113  (l8°),  is  formed  when  caustic  potash  acts  upon  dichlor- 
hydnn.  It  is  a  liquid  with  a  penetrating  odor,  and  deports  itself  like  ethylene  oxide 
(p.  298).  It  slowly  combines  with  water,  yielding  erythrol,  with  2HCI  to  the 
dichlorhydrin,  and  with  2CNH  to  the  nitrile  of  dioxyadipic  acid  (B.  17,  I091). 
Erythrol,  in  the  presence  of  hydrochloric  acid,  combines  with  formaldehyde,  benzal- 
dehyde,  and  acetone,  yielding : 

i-Erythrol-formal,  0^11^04(011,),,  melting  at  96®  (A.  289,  27) ; 

i-Erythrol-dibenzal,  melting  at  97^ ;  and 

i-Diacetone  Erythrol,  C4H,04(CjHj)„  melting  at  56°  and  boiling  at  io5°(29  nmi.) 
(B.  28,  2531). 

[d  -f-  l]-Erythrol  melts  at  72°  ;  formation — see  above.     Dibromhydrin  melts  at 

,0, 


CH. 


830  (see  above) ;  [d  -f  1]  Erythrol  Ether,  CH, .  CH  .  CH  .  CH,  (B.  26,  R.  933). 

Titra-acetyl  [d  -f  1]  Erythrol  vci^\\.%  at  53°. 

NUrotertiary  Butyl  Glycerol^  NO,C(CH,OH)3,  melting  at  158°,  is  formed  from 
nitromethane,  fonnaldehyde,  and  some  potassium  bicarbonate  (B.  a8,  R.  774). 

Pentaerythrol,  C(CH,OH)4,  melting  at  250-255®,  has  been  prepared  by  con- 
densing formaldehyde  and  acetaldehyde  with  lime.  See  also  vinyltrimethylene, 
Tetra-acetvl  Pentaerythrol,  C(CH, .  O  .  COCHs)^,  melts  at  84°  (A.  276,  58).  Penta- 
er3rthrol  Dibenzal  melts  at  160°  (A.  289,  21).  Two  Hexyl-erythrols  have  been 
prepared  by  oxidizing  diallyl,  CH,  =  CH  .  CH, —  CH, — CH  =  CH,  (p.  99). 

2.  TRIOXYALDEHYDES  and  3.  TRIOXYKETONES:  Erythrose, 
Tetrose^  is  probably  a  mixture  of  a  trioxyaldehyde  and  a  trioxyketone  (compare 
glycerose,  p.  477).  It  is  produced  when  erythrol  is  oxidized  with  dilute  nitric  acid. 
It  yields  phenylerjrthrosazone,  C4Hg02(N2HC5H5)2, melting  at  167°  (B.  20, 1090). 
This  probably  is  also  produced  from  the  condensation  product  of  glycolyl  aldehyde 
(B.  25.  2553). 

Methyl  Tetrose,  CHsfCHOHJaCHO,  is  formed  from  rhamnose- 
oxime  and  acetic  anhydride.  The  osazone,  melting  at  171-174°, 
becomes  d-tartaric  acid  when  it  is  oxidized  with  nitric  acid  (B.  29, 
1381). 

4.  OXYTRIKETONES :  3-Methvl-3-heptanol-2.5.6-trion,  aldol  of 
diacetyl,  CHj .  COC(OH) .  CH, .  CH, .  CO .  CO .  CH„  boils  at  128** 
(18  mm.)  (p.  322). 


I 

I 


I 
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5-  TETRAKETONES:  Tetra-acetyl  Ethane,  (CHiCO),CH — 
CH(CO  .  CH,)„  IS  obtained  from  sodium  aceljkcetone  by  means 
of  iodine  or  bv  electcolvsis  (p.  i^i). 

Oxalyl  Di'acetone,  CH.-CO.  CH,.CO.  CO.  CH,.  CO- CH„ 
melting  at  iao-i»i°,  is  obtained  by  the  action  of  sodium  ethylate 
ujjoii  oxalic  ester  and  acetone  (B.  21.  1141).  It  fornns  a  dipyrazole 
derivative  with  phenylhyd rapine  (A.  278,  294). 

Methenylbiaacetyi  Acetone,  (CHjCO),CH .  CH  =  C(COCH,). 
is  obtained  from  ethoxymethylene  acetyl  acetone  (p.  478)  by  the  addi- 
tion of  acetyl  acetone.  ^ 

6.  TRIOXYMONOCARBOXYLIC  ACIDS: 

Erythritic  Acid,  C,H,  \  \.,.  ^*,  cTVlbtoglucic  acid,  irioxybulyric  Kid,  u  pro- 
duced in  tbe  oxidation  of  erythrol,  muinilol.  and  l^vulose  [B.  ig,  46S).  Il  forms 
a  deliquesccDl  crjstalliQe  mass. 

Trioiyisobutyric  Acid.  (CH,OH},C(OH)CU,H,  melting  at  116°,  is  formed 
from  glycerose  and  CNH  (B.  aa,  106). 

7.  DIOXYKETONE  MONOCARBOXYLIC  ACIDS;  at  DirtkoxyauiB- 
actlic  EiUr.  CH,(OC,H5) .  CO  .  CHiO  ,  C.H,)CO,C,Hi.  boilinj;  al  131-132'  (14 
mm),  resulls  from  tlie  action  of  sodium  i^lhyjate  upoo  ellioiycblorifeloacFlic  ester 
(p.  482)  (A,  1G9.  28)  (p.  477). 

S,  OXYDIKETONE    CARBOXYLIC    ACIDS:    DthydracHU  Add,   (6} 
CO  -  O  .  C.CH, 
Melbyl-(  iVacetopyronon,  I  1)  1  melting  at  108°  and  boil' 

CH,.CO.CH,CO,CH 
ing  at  269°,  is  fotoied  on  boiling  aceloacetic  ester  witb  a  return  Cooler,  on  evap. 
orating  dehydncelocatboxylic  acid  vith  caustic  soda  (A.  973,  1S6),  and  from  acetyl 
chloride  by  ibe  action  of  pyridine.      It  i*  isomeric  with  isodehydracetic  acid  (p. 
496).      Feist  explained  its  constitution  (A.  357,  261 ;   B.  37.  R.  417).       Hydriodic 

iolo  diinetbyl  pyn>ne,   CH,  ,  C  =  CH  .  CO  -  CH  =  C.  CH,  (we 


thi*). 

9.  TRIKETONE-MONO-CARBOXYLIC  ACIDS:  Tlie  /?  plienylhydra- 
lone  formed  from  sodium  Bcelonc-onlii:  acid  nnd  diaioben«nechtotide  is  »  deriTa- 
ti»e  of  a3y  Iriitrle  n-vaJeru  acid.     It  melts  from  206-207"  (A-  a?^.  285), 


10.   DIOXYDICARBOXYLIC  ACIDS. 

Tartaric  Acids  or  Dioxyethylenc  Succinic  Acids. — Tartaric 
acid  is  known  in  four  modifications  ;  all  possess  the  same  strucmre 
and  can  be  converted  into  one  anoiher.  They  are  :  (i)  Oniinary  or 
dixtro-lartarie  acid,  (a)  Lavo-tartarie  Acid.  These  two  are  dis- 
tinguished from  each  other  by  their  equally  great  but  opposite 
molecular  rotatory  power.  (3)  RacemU  Acid  at  paralarlaric  acid,  or 
[d  -|-  I]  tartaric  acid.  This  is  optically  inactive.  It  can  be  resolved 
into  dextto-  and  I aevo- tartaric  acids,  from  which  it  can  again  be 
recovered  by  their  union.  (4)  Meiotartaric  Acid,  antitartaric  acid, 
i-tartaric  acid.  This  is  optically  inactive  and  cannot  be  split  into 
other  forms.     The  isomerism  of  these  four  acids  was  exhaustively  con- 
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sidered  in  the  introduction.  According  to  the  theory  of  van  't  Hoff 
and  LeBel,  it  is  attributable  to  the  presence  of  two  asymmetric  carbon 
atoms  in  the  dioxyethylene  succinic  acid.  A  compound  containing 
one  asymmetric  carbon  atom  may  occur  in  three  modifications— a 
dextro-form,  a  laevo-form,  and,  by  union  of  these  two,  an  inactive, 
decomposable  [d  +  1]  modification.  If  the  same  atoms  or  atomic 
groups  are  joined  to  two  asymmetric  carbon  atoms, — that  is,  if  the 
compound  be  symmetrically  constructed,  like  dioxyethylene  succinic 
acid, — then  in  addition  to  the  three  modifications  capable  of  forming 
a  compound  with  one  asymmetric  carbon  atom  there  arises  a  fourth 
possibility.  Should,  namely,  the  groups  linked  to  the  one  asymmetric 
carbon  atom  (viewed  from  the  point  of  union  of  the  two  asymmetric 
carbon  atoms)  show  an  opposite  arrangement  from  that  of  the  groups 
attached  to  the  second  asymmetric  carbon  atom,  then  an  inactive 
body  will  result  by  virtue  of  an  intramolecular  compensation.  The 
action  on  polarized  light  occasioned  by  the  one  asymmetric  carbon 
atom  is  equalized  by  an  equally  great  but  oppositely  directed  influ- 
ence exerted  by  the  second  asymmetric  carbon  atom. 

Therefore,  the  four  symmetrical  dioxysuccinic  acids  can  be  repre- 
sented by  the  following  formulas,  to  which  must  be  ascribed  a  spacial 
significance  as  basis  (p.  48)  : 

CO,H  CO,H  COgH 

H  — ♦C  — OH  HO  — «C  — H  H  — *C  — OH 

HO--*C— H  H  — *C  — OH  H  — *C  — OH 

COjH  CO2H  CO,H 

(i)  Dextrotartaric  Acid  (2)  Laevotartaric  Acid  (3)  Mesotartaric  Acid. 

d-Tartaric  acid  -f  l-lartaric  acid  =  (4)  Racemic  Acid. 

The  configuration  of  d-tartaric  acid,  as  represented  on  p.  563,  fol- 
lows in  consequence  of  the  formation  of  this  acid  from  the  oxidation 
of  methyl  tetrose,  the  decomposition  product  of  the  rhamnoses. 

HUtoncal. — Scheele  in  1769  showed  how  this  acid  could  be  isolated  from  argol. 
Kestner  in  1822  discovered  racemic  acid  tis  a  by-product  in  the  manufacture  of  ordi- 
nary tartaric  acid,  and  in  1 826  Gay-Lussac  investigated  the  two  acids.  Very  soon 
both  he  and  Bcrzelius  (1830)  proved  that  ordinary  tartaric  acid  and  racemic  acid  pos- 
sessed the  same  composition,  and  this  fact  led  Berzelius  to  introduce  the  term 
isomerism  into  chemical  science  (p.  41).  Biot  (1838)  showed  that  a  solution  of  ordi- 
nary tartaric  acid  rotated  the  plane  of  polarized  light  to  the  right,  whereas  the  solution 
of  racemic  acid  proved  to  be  optically  inactive,  and  was  without  action  upon  the 
polarized  ray.  Pasteur's  classic  investigations  (1848-1853)  demonstrated  how  racemic 
acid  could  be  resolved  into  dextro-  and  larvo-tartaric  acid,  and  be  again  re-formed  from 
them.  In  addition  to  Ixvo-tartaric  acid,  Pasteur  also  discovered  inactive  or  mesotar- 
taric acidy  which  cannot  be  resolved.  Kekul6  in  1861  and,  independently  of  him, 
Perkin,  Sr. ,  and  Duppa  synthesized  racemic  acid  and  mesotartaric  acid  from  succinic 
acid,  derived  from  amber,  through  the  ordinary  dibromsuccinic  acid.  In  1 873  Jung- 
fleisch  obtained  racemic  acid  and  mesotartaric  acid  from  synthetic  succinic  acid,  and 
also  the  other  two  tartaric  acids  derivable  from  racemic  acid.  Van  't  Hoff  in  1874  and, 
independently  of  him,  Le  Bel  referred  the  isomerism  of  the  four  tartaric  acids  to  the 
presence  of  two  asymmetric  carbon  atoms  in  symmetrical  dioxyethylene  succinic  acid. 


ka(;lmii:  aciu. 

Kekuli  ind  Anschaix  in  iSSo  and  iSSi  round  that  when  rftcemic  scid  wat  oxidized 
U  yielded /ttwonV  aHd,  and  thai  inactive  or  meiotflrtaric  scid  gave  malelc  acid.  The 
oxidant  was  pntn^sium  permangBnale.  'XMa  reaction  directly  linked  ibe  Uomerism 
of  ihe  larlaric  scidi  lo  Ihe  isomerism  of  the  two  unaatutaled  adds — fumsiic  acid  and 
malelo  acid. 

(i)  Racemic  Acid,  Paratartaric  Add,  C.H.Oj  +  H,0,  is  some- 
times found  in  conjunction  with  tartaric  acid  in  the  juice  of  the  grape, 
and  is  obtained  from  the  mother  liquor  in  crystalliiing  cream  of 
tartar,  esi)ecially  in  the  presence  of  aliiroiiia, 

Racemic  acid  appears  (i)  in  the  oxidation  of  mannito!,  dulcitol 
and  mucic  acid  with  nitric  acid,  as  well  as  when  fumaric  acid  (B.  13, 
2150),  sorbic  acid,  and  pipcric  acid  are  oxidized  by  potassium  per- 
manganate (B.  33,  277a).  It  is  synthetically  obtained  (2)  from 
glyoxal  by  means  of  prussic  and  hydrochloric  acids  (together  with 
mesotartatic  acid,  B.  27,  R.  749),  and  (3)  from  isodibrom-  and 
(together  with  mesotariaric  acidj  from  dibrorasuccinic  acid,  by  the 
action  of  silver  oxide  (pp.  451,  516) ;  (4)  together  with  glycollic  acid 
(compare  the  pinacone  formation,  p.  293),  when  glyoxylic  acid  is 
reduced  with  acetic  acid  and  zinc;  (5)  in  addition,  by  heating 
desoxalic  acid  with  water  to  100°,  when  carbon  dioxide  is  split  ofT. 

Ethyl  alcohol,  which  can  be  synthesized  in  various  ways,  constitutes 
the  starling-out  material  for  the  first  four  syntheses.  In  the  fifth 
synthesis  carbon  monoxide  serves  for  that  purpose. 


SYNTHESIS  OF  RACEMIC  ACID. 


CO,H 

CO,H 

CO,H                 t-0,'H 

CH,OH        CH, 
CH,              CH, 

<^H, 

-^.Ih.— 

("jHHr 

<!;HBr                 CH 
CHBr                 CH 

CO.H 
Add  " 

-5-CN 

CO,H 

(!:o,H           <!:o,n 

Ord.  Dllirom.            Fumsrlc 
■  uccialc  Acid               Acid 

'CHO         co,n 

CH .  OH 

in.  OH 

CHO      ■'  (-[lO 

1 

CH.OH 

CII.OH 

CO,H 

GlyoMl      Glyoxylic  Acl 

Kacemic  Add 
(CO,C.H.),       (CO,H). 

CO,Na 
CO->„CO.Na>^^_^- 

CO,C,H, 
^  t^O,C,H, 

hoH                COH 

~*'cHOn   "   ^LT-I.OH 

CoTbon                Sodium 

i^Vm 

i:o,c,H,         ^0,H 
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Racemic  acid  is  also  produced  when  equal  quantities  of  concentrated 
solutions  of  dextro-  and  laevo-tartaric  acids  are  mixed  (B.  25,  1566), 
and  together  with  mesotartaric  acid  when  ordinary  tartaric  acid  is 
heated  with  water  to  175°. 

Racemic  acid  crystallizes  in  rhombic  prisms  which  slowly  effloresce  in  dry  air.  It 
is  less  soluble  (I  part  in  5.8  parts  at  15^)  in  water  than  the  tartaric  acid,  and  has  no 
efTect  on  |X}larized  light.  It  loses  its  crystal  water  when  heated  to  1 10^.  In  the 
anhydrous  condition  it  melts  at  205-206^.  It  foams  at  the  same  time.  Potassium 
permanganate  oxidizes  it  to  oxalic  acid  and  hydriodic  acid  reduces  it  to  inactive 
malic  and  ethylene  succinic  acids.  Its  sa//s  closely  resemble  those  of  tartaric  acid, 
but  do  not  show  hemihedral  faces.  The  acid  potassium  salt  is  appreciably  more  solu- 
ble than  cream  of  tartar.  The  calcium  salty  C^H^OfCa  -\-  4H,0,  dissolves  with  more 
difficulty  than  the  corresponding  salts  of  the  three  other  tartaric  acids.  Acetic  acid 
and  ammonium  chloride  do  not  dissolve  it.  It  is  formed  on  mixing  solutions  of  cal- 
cium dextro-  and  Isevotartrates.  Barium  salt,  CiH^O^Ba-j-S^H^O  or  SH^O  (A. 
292,311). 

Decomposition  of  Racemic  Acid. — When  Pasteur  was  study- 
ing racemic  acid  he  discovered  methods  for  the  decomposition  of 
optically  inactive  bodies  into  their  optically  active  components.  These 
were  briefly  considered  in  the  introduction  (p.  68) : 

(i)  F^nicillium  glaucum  destroys  the  dextro-tartaric  acid  growing  in 
a  racemic  acid  solution,  leaving  the  1-tartaric  acid  undisturbed. 

{2a)  From  a  solution  of  sodium  ammonium  racemate  unaltered  salt, 
without  hemihedral  faces,  separates  above  +28°  (B.  29,  R.  112). 
When  the  crystallization  takes  place  below  +28®,  large  rhombic  crys- 
tals form.  Some  of  these  show  right,  others  left  hemihedral  faces. 
Removing  the  similar  forms,  or  by  testing  a  solution  of  the  crystals 
with  a  sf)lution  of  calcium  dextro-tartrate  (A.  226,  197),  we  discover 
that  the  former  possess  right-rotatory  power  and  yield  common  tartaric 
acid,  whereas  the  latter  yield  the  laevo-acid. 

(2^)  From  a  solution  of  cinchonine  racemate  the  first  crystallization 
consists  of  the  more  sparingly  soluble  laevotartrate.  If  only  half  as 
much  cinchonine,  as  is  necessary  for  the  production  of  the  acid  salt, 
be  introduced,  then  two-thirds  of  the  calculated  quantity  of  cincho- 
nine laevo-tartrate  will  separate  (B.  29,  42).  Quinicine  dextrotartrate 
is  the  first  to  crystallize  from  a  solution  of  quinicine  racemate. 

Esters  of  Racemic  Acid:  The  dimethyl  ester  melts  at  85^  and  boils  at  282^. 
It  is  produced  from  racemic  acid,  methyl  alcohol,  and  HCl.  It  is  obtained  pure  by 
disiillation  under  reduced  pressure.  It  can  be  made  by  fusing  together  the  dimethyl 
ester  of  dextro-  and  Ixvo-tartaric  acids.  In  vapor  form  the  ester  of  racemic  acid  dis- 
sociates into  the  dimethyl  ester  of  the  dextro-  and  Inevo-tartaric  acids  (B.  x8,  1397 ; 
21,  R.  643). 

Diacetyl  Racemic  Anhydride,  (C,Hj,0,^,C^H,Os,  melts  at  I22-I23*>  (B.  13, 
1178).  Dimethyl  Diacetyl  Racemic  Ester.  X^^Pt^'f^K^fiJ^-^iSt,  melting  at  86**, 
results  from  the  action  of  acetyl  chloride  upon  the  dimethyl  ester,  and  upon  evaporat- 
ing the  benzene  solution  of  the  dimethyl  1-  and  d-diacetvl  tartaric  esters.  Niirile  of 
Diacetylpyroracemic  Acid.  Q\\  .  CO .  O  .CH(CN)  .  CH'(CN)0  .  COCH,,  melting  at 
97°,  is  produced  together  with  the  nitrile  of  diacetyl  mesotartaric  acid,  when  acetic 
anhydride  acts  upon  the  liquid  portion  of  the  additive  product  resulting  from  CNH 
and  glyoxal  in  alcohol  (B.  27,  R.  749)* 
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ORDINAKV   TARTARIC   ACID. 

Imides ;  Milkyl-,  ithyl-,  »nd  p&eayl  iniidts  melt  M  157°,  179°,  imti  2JS°  (B.  >g, 
2719).  Thefl«J/o(  diacelylracemic  acid  melts  at  94".  It  setxAu,  vibeu  I'CI,  ncii 
ujioii  the  anilic  Acid,  and  when  the  anil&  of  d-  and  1-ditcetyllutiuic  icids  combine 
(piiialely  commuDicaled  by  Anschllli  and  Kcitter), 

(z)  Dextro-rotatory  or  Ordinary  Tartaric  Acid  {^Acidum 
laiiaricuni)  is  widely  dislributed  in  the  vegetable  world,  and  occurs 
principally  in  the  juice  of  ihe  grape,  from  which  it  deposils  after 
fermentation  in  the  form  of  acid  jxitassium  tartrate  (argiil).  U  results 
un  oxidizing  saccharic  acid  and  milk  sugar  with  nitric  acid. 

Common  tartaric  acid  crystallizes  io  large  monoclinic  prisms, 
which  dissolve  readily  in  water  (1  part  io  0.76  parts  at  15°)  and  alco- 
hol, but  not  in  ether.  Its  solution  turns  the  ray  of  polarized  light  to 
the  right.  It  melts  at  167-170"  (B.  33,  1814),  when  rapidly  heated. 
When  it  is  heated  with  water  to  165"  it  changes  mainly  t 
taric  acid;  at  175°  the  racemic  acid  predominates.  It  also  forms 
racemic  acid  when  it  is  brought  together  with  a  concentrated  solution 
of  1-tartaric  acid.  Pyroracemic  and  pyrolartaric  acids  are  products 
of  its  dry  distillation. 

When  gradually  oxidized,  d-lartaric  acid  becomes  dioxyfumarlc  acid 
{p.  527),  dioxylartaric  acid,  and  lartronic  acid  (p.  485);  stronger 
oxidizing  agents  decompose  it  into  carbon  dioxide  and  formic  acid. 

Hydriodic  acid  reduces  it  to  d-malic  and  ethylene  snccinic  acids. 

d-Tartaric  acid  is  applied  in  dyeing  or  coloring,  as  an  ingredient 
of  effervescing  powders,  and  as  a  medicine.  Nearly  all  of  its  salts  meet 
with  extended  uses. 
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Tartrotes.—'Wc  tuutral fotaaiupi  salt,  C,H,K,0,  +  >iH,0.  is  readily  soluble  in 
water  ;  frum  il  acidii  preci|iitate  the  ult  CiHjKOj.  which  is  not  very  soluble  m  water. 
and  conslilules  natural  lartar-o/yo/ [Ovmor/Brtan").  P^asnuin-Sudmm  Tartralt 
C,H,KNaO, -j- 4H,0  {Siignrlli's  mil),  ctyslalttzes  in  large  rhombic  prisms  witli 
hcmihedral  faces.  The  lediumanimonium  sail,  C,M,KNaO,  +  4H,0,  is  obtaiDeH 
from  scdium -ammonium  racemale.  The  lalcium  iitll,  C-HjCaO^  4-  H,0,  is  pre 
cipilBled  from  solutions  of  neutrni  tartrates,  I7  calcium  chloride,  as  an  iusolulilt, 
crystalline  powder.  It  dissolves  In  acids  and  Blkalirs.  and  is  reprcclpilated  a)  a  jelly 
on  boiling — a  resctioa  serving  to  disibguish  tartaric  from  other  icids.  See  alio 
calcium  racemale. 

The  nmlral  tiad  salt.  C,H,rbO,,  i»  a  curdy  precipitate. 

Tanar  Emetic— /■arawjo-ainVwany  Tartratt,  CjH,(SbO)KO,  +  JiH,0,  or 
C(H,0,!SfaOK  +  ;iH,0,  or  CO,K[CHOH],COOSb<^>Sb.  OCO[CHOH],.  ■ 
COOK  +  H,0(B.  16,  ljS6),  it  prepared  by  boiling  cream  of  tartar  with  antimony 
oxide  and  water.  It  cryslalliies  in  rhombic  oclahcdre.  which  slowly  lose  their  naler 
of  cryslalliration  on  eiposute  and  fall  to  a  powder.  It  is  soluble  in  fourteen  pans 
of  WBler  al  lo°,  Itt  lotution  possesses  an  unpleasant  metallic  taste,  and  acts  as  a 
sudorific  and  emetic.  See  B.  ag,  R.  84 ;  18,  R.  463,  for  the  corresponding  arwnic 
compound. 

d-Dextro- tartaric  Acid  Esters  (compare  racemic  esters).  To  obtain  ibe  esten 
of  tartaric  acid,  CiH,0,(CO,R),.  disioWe  the  acid  in  methyl  or  ethyl  alcohol,  con- 
duct hydrochloric  acid  gas  through  the  lolution,  and  distil  Ihe  liquid  under  dimln. 
ished  pressure.  PCl^  converts  I bem  into  esters  of  chlonnalic  acid  (p.  4S9)  and  chlor- 
fumaric  ncid.  The  esten  cnnslitule  the  lirat  homologous  Kriu  of  oplica'ly  active 
substances,  which  were  invesliEaled  along  the  line  of  rotation  of  the  plane  of  polar- 
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ized  light  (AnschUu  and  Piclct,  B.  13,  1177  ;  compare  C.  65,  996;  B.  27,  R.  511, 
621,  725,  729;  B.  28,  R.  148).  The  dimetkyl estermeXis  at  48°  and  boils  ut  280® 
(760  mm.),  [a]D  =  -}-  2.142  (20°).  The  diethyl  ester  boils  at  280°  (760  mm.), 
[a]D  —  -f  7.659  (20°).  The  di-n-dipropyl  ester  boils  at  303«>  C.  (760  mm.),  [a]  p 
=  -(-  12.442  (20®). 

Diacetyl-diarttiric  Anhydride^  K^x^J^'i)'f^^'f>\y  roelts  at  1 25-129®. 

Diacetyl  Dimethyl  Ester  melts  at  103°. 

Diacetyl  Tartaric  Dianilide  melts  at  214®  (A.  279,  138). 

Diacetyld-tartranil ;  see  the  anil  of  diacetyl  pyroracemic  acid,  p.  524 ;  other 
imides,  B.  29,  2710. 

By  dissolving  pulverized  tartaric  acid  in  concentrated  nitric  acid  and  adding  sul- 

CO  H 
phuric  acid,  so-called  A^i/r<7-/rtr/ar*V  i4nV/,  C2H,(0  .  NO,),<.,q*,j  results.     It  de- 
composes  in   aqueous   solution  with   the   formation  of  dioxytartaric  acid  (p.  527). 
CO,H .  C(OH),  —  C(OH),CO,H,  which  further  breaks  down  into  CO,  and  tartromc 
acid. 

(3)  Lsevo-Tartaric  Acid  is  very  similar  to  the  dextro-variety, 
also  melts  at  167-170°,  and  only  differs  from  it  in  deviating  the  ray 
of  polarized  light  to  the  left.  Their  salts  are  very  similar,  and  usually 
isomorphous,  but  those  of  the  laevo-acid  exhibit  opposite  hemihedrad 
faces. 

The  dimethyl  ester  has  the  same  melting  and  boiling  points  as  the 
dimethyl  ester  of  d-tartaric  acid  (see  above);  also  compare  racemic 
acid  esters  (p.  524).  In  the  description  of  racemic  acid  the  method 
by  which  1-tartaric  acid  could  be  obtained  from  it  was  exhaustively 
considered  (p.  524).  In  concentrated  solution  it  combines  with 
d-tartaric  acid  and  yields  racemic  acid. 

(4)  Inactive  Tartaric  Acid,  Afesofarfaric  Acid,  Aniitartaric  Acid, 
is  obtained  when  sorbine  and  erythrol  are  oxidized  with  nitric  acid, 
or  (together  with  racemic  acid)  when  dibromsuccinic  acid  is  treated 
with  silver  oxide  (p.  523)  and  maleTc  acid  and  phenol  with  potassium 
])crmanganate  (B.  24,  1753).  It  is  most  readily  prepared  by  heating 
common  tartaric  acid  with  water  to  165°  for  two  days.  It  contains  a 
molecule  of  water  of  crystallization. 

Calcium  Salt,  CJI,0,Ca  4- 3H.P  (A.  226,  198).  Barium  Salt,  C^H^O, -f 
11./)  (A.  292,  315).  Dimethyl  Ester  melts  at  1 11°.  Diethyl  Ester  melts  at  54**, 
a-.d  boils  at  156°  (14  mm.)  (B.  21,  517).  Mesotartaronitrilc,  CN  .  CH(OH)  .  CH- 
(OII)CN,  melts  with  decomposition  at  131°.  It  is  produced  hy  the  addition  of  pnis- 
sic  acid  to  glyoxal,  dissolved  in  alcohol.  Diacetylmesotartaronitrilc  melts  at  76** 
(B.  27,  R.  749). 

Diamidosuicinic  Acids^  COjH  .  CH(NHj) .  CI^NH,) .  COjH,  are  formed  when 
the  diphenylhydrazonc  of  dioxosuccinic  acid  (p.  528)  is  reduced  with  sodium  amal- 
gam. The  one  acid  corresponds  to  mesotartaric  acid  (see  alx)ve),  the  other  to  race- 
mic acid  (p.  523).  This  has  been  proved  by  changing  the  amido- acids  into  these 
acids  (B.  26,  1980). 

Dianilino$Hcdnic   Ester,    COjCjHj .  CHiNHCfiMj) .  CHCNHC^Hj)  .  COjCjHj, 

melting  at  149°,  is  obtained  from  dibrom-  and  isodibrom-succinic  ester  and  alcoholic 

aniline  heated  to  100°  (B.  27,  1604). 

CH .  CO„C,H. 
Imidoethylsuccinic   Acid^  NH<  1  ,  melting  at  98®,  is  obtained  by 

CH.CO.H 

the  action  of  hydrochloric  acid  upon  imid(«uccinamic  ester,  the   product  resulting 

from  the  action  of  alcoholic  ammonia  upon  bromsuccinic  ester  (B.  25,  646}. 


^Cii .  <:o,H 

a-tkttrtUtamatir  acid,  melting  M  139°,  Ihe  nddilion  produci  of  CIOII  and  ci 
acid,  jjt  treated  with  cau«lic  alknli.     Hjrdrocbloric  acid  chnnges  it  to  ^-cblorcitnjiiftlic 
mcid,  roelling  with  decomposiliDn  at  161°  (A.  353,  )t7J. 
CH|,,C(OH).CO,tl 
Dimilhyl  Rafimu  Acid.  ^^     L  ^^     ^^  ^^  +  H,0,  is  produced  (l)  by  the 

reduction  of  pyroracEUiic  acid  (B.  15,  397),  Hod  (2)  when  hydmcf  inic  Bud  hydrO' 
chloric  acidb  act  upon  diacetyl  (p.  322),     The  acid  melts  at  177-178^(6. 13,  R.  I37). 
a^-Difxyglutarii:  Aad,  CO.H  .  CHlOH) .  C'H(OH) .  CH, .  CtJ.H,  roelling  ftom 
I55-IS6°,  19  obtained  TrDm  the  addition  product  of  glutaconic  hcIiI  (I).  18,  2517). 

ui-DiMyglalarit  Arid,  CO,H .  CH(OH) .  CH,.  CH(OH) .  CO,H.  is  foKmed  trum 

dioiypropenyl  tricarboiylic  ncid,  the  oKidatian  product  of  iHisBccfaarin   (p.  537) 

through  the  elimination  of  C(\  (B.  18.  2516). 

I        n^  Dioxy-dimithyl GItttarif  AtUi,  '^"'j','>ClOH)  .  CH,.  C(OH)<'^2'".     The 

g  at  98°,  has  been  obtained  fram  ether  in  enantinniorphous  crystals. 


neiting  at  iHg-lgo".  Tliis  yieliU 
DoKing  «i  ajs".  when  ii  is  healed.  These  acid 
s  treated  with  CNH  |B.  34.  ifXA;  compare  t: 


'I'he  second  acid  readily  changes  to 
a diliuletc,  mellmg  at  104-105''  ao 
ore  produced  when  acetyl  acetone 
85.3*21). 

a  y-  Dinxy-afiy  ■Irimilllyl  Clula  ru 

Dimtthyli>;cyadipu  Adds  liave  I 
(B.  ag.819). 

CtnialU  And,  Ci-HijOj.  tlie  anhydride  of  a  dioxydicarbosylic  acid  resembling 
ethylene  oxide,  will  be  discus&ed  later  under  cineol. 

»CH,,CH,.CH,  CH,,CH,.CH, 

Di-u-txypropylmalonk  Lactoni,   J  >C<  I      .melling 

*1  106°,  is  obtained  from  diallylmalonic  acid  (p.  467)  by  the  action  of  hydrobromic 
■cid  (A.  116,67). 

DieryBlefint  Dicarboxylic  Acid. — The  simplest  possible  acid  of  this  class  appears 
to  be  formed  nhen  tartaric  acid  is  oxidized  with  hydrogen  peroxide  in  the  sunlight  and 
in  the  presence  of  a  small  quantity  of  a  ferrous  salt.  It  may  be  called  diaxy/uman'e 
acid,  CO,H.C(0H[;  qOH).CO,H  +  2H,0.     Diairtyt-dioxyfuviaric  acid  melts 

Iat98'(Fenlon.  B.  39.  R.  54?). 
II.  OXYKETONE    DICARBOXYLIC    ACIDSt      ElAi-iyl - oialo - 'icctic 
£'jftj-,CO,C,H,.  CO.CH(0.  C,H,)CO,C:,ni.  boils  at  155°  {17  mm.).   It  isoUained 
from  oxalic  ester  and  ethyl  glycoUic  ester  (B.  34.  4210), 
,CH  — CO,C,IIj 
Nilriliuiicnnic  Diethyl  Estir.tii   n  ,  meltins  at  1(4°  (40  mm.l,  ii 

V; co,c^H, 
fonned  from  the  silver  salt  of  y-oximldosuccinic  eiter  Btid  ethyl  iodide  with  subse- 
quent distillation  (B.  13,  R.  561-,  34,2189). 
.: 
eth< 
tan 


12.  DIKETONE  DICARBOXYLIC  ACIDS. 
CtOH),  .CO,H 
DioxytoTtaric  Acid,    1  ^,,1      ^     u'     ''  ■''t''*  yWh  decomposition  at  98"  {B. 

It  is  obtained  when  protocatechaic  acid,  pyrocatechin,  and  guaiacol,  in 
ethereal  solution,  are  acted  upon  with  N,0,.     It  was  formerly  regarded  as  carboty. 
-      icid,  C(nH)  .  (CO,H),.      Its  fomialion  from  the  benzene  derivative*  jusl 
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cited  is  proof  for  the  assumption  that  in  benzene  <me  carbon  atom  is  combined  with 
thrre  other  carbon  atoms.  However,  Kekuli  removed  the  basis  from  this  assumptioo 
when  he  showed  that  the  body  supposed  to  be  carboxytartronic  acid  could  aJso  be 
made  from  nitroturtaric  acid  by  the  action  of  an  alcoholic  solution  of  nitrous  acid, 
and  then  by  reduction  be  converted  into  racemic  and  mesotartaric  acids.  He  there- 
fore named  it  dioxytartaric  acid,  for  it  sustains  the  same  relation  to  tartaric  acid  that 
glyoxylic  acid  bears  to  glycollic  acid,  and  mesoxalic  acid  to  tartronic  acid  (A.  aai, 
230).  Glyoxal  is  formed  when  sodium  dioxytartrate  is  acted  upon  with  sodium 
bisulphite.  The  sodium  salt^  C^H^Na^Og-f-  2H,0,  is  a  sparingly  soluble  crystalline 
powder. 

The  dioxytartaric  esters  are  not  known.  Dioxy-oxosuccinic  Diethyl  Ester^  COL- 
Cyll^.  C(OH)2CO.  COjC^Hj,  is,  however,  known.  It  consists  of  colorless  crystals 
melting  at  1 16- 1 18°.  They  are  produced  on  adding  water  to  dioxosuccinic  diethyl 
ester,  COjCjIfj  .  CO .  CO.  CO^CjHj,  boiling  at  232-2330  (760  mm.),  lis-ii;* 
(13  mm.);  sp.  gravity  1.1896  (20°).  The  distillation  is  conducted  under  reduced 
pressure.  Hydrochloric  acid  acting  upon  sodium  dioxytartaric  acid  suspended  in 
alcohol  produces  the  dioxosuccinic  diethyl  ester.  It  is  a  thick  liquid  with  an  orange- 
yellow  color  ( B.  25,  1975)  (compare  a-diketones,  p.  321).  When  it  is  boiled  with 
a  return  cooler  CO  splits  off,  and  oxomalonic  ester  (p.  498;  and  oxalic  ester  result 
(B.  27.  1304). 

Two  isomeric  dioximes  of  dioxosuccinic  acid  are  known  (B.  24,  1215).     Fureutm 

CarboxvUc  Acid  is  the  oxime  anhydride  of  the  dioxime.     Dioximidohypercxid'Suceinic 

6N:C.C0,H 
Acid,   I  ,  is  an  unstable  oil,  formed  by  oxidizing  isonitroso-acetic  and 

ON  :  C .  CO,H 

acetoacetic  esters  (p.  368)  with  nitric  acid  (B.  28,  12 13). 

Dioxosuccinic  acid  also  yields  pyrazolonopyrazolon,  a  double  lactazam,  a  mono- 
phenylhydrazone  and  a  phenylosa/one.  The  lactazam  corresponding  to  the  Imtter 
compound  is  the  parent  substance  of  a  yellow  dye, 

Tartrazine,  which  will  be  more  fully  described  under  the  pyrazolons  (A.  294, 
219). 

7'// r^<r  isomeric  osazones :  a-,  melting  at  121°;  /?-,  melting  at  136-137®;  and  y-, 
melting  at  175°,  of  dioxosuccinic  diethyl  ester  are  known.  The  a-  body,  when  in 
solution,  {gradually  changes  to  the  /^compound.  Iodine  or  SO,  will  accelerate  the 
conversion.     All  these  osazones  enter  the  pyrazolon  formation  very  readily. 

Oxalo-diacetic  Acid,  A'etipic  Add,  CO,H  .  CHj  CO .  CO .  CH, .  CO,H,  is 
precipitated  in  the  form  of  a  white  insoluble  ponder  on  adding  concentrated  hydro- 
chloric acid  to  the  ester.     It  breaks  down  on  heating  into  iQO^  and  diacetyl  (p.  322). 

Oxalo-diacetic  Ester,  Kctipic  Ester,  COjCjHg .  CH, .  CO .  CO  .  CH, .  CO,^H,, 
is  produced  like  oxalacetic  ester  (p.  499)  by  the  action  of  sodium  upon  a  mixture  of 
oxalic  ester  with  2  mols.  of  acetic  ester  (B.  ao,  591) ;  also  from  oxalic  ester  and  chlor- 
acetic  ester  by  the  action  of  zinc  (B.  20,  202).  It  consists  of  leafy  crystals  melting  at 
77°.  Ferric  chloride  imparts  an  intense  red  color  to  its  alcoholic  solution,  chlorine 
and  bromine  convert  the  ester  into  tttrachhr-  and  tetrabrom-oxaldiacetit  ester.  The 
first  is  called  tetrachlordiketoadipic  ester,  and  is  also  produced  when  chlorine  acts 
upon  dioxy-quinone  dicarboxylic  ester  (B.  20,  3183).  The  osazone  of  oxaldiacetic 
ester  may  be  converted  into  dix-phenyl-T^.ybispyrazolon  (B.  28,  68). 

OxaUlaevulinic  Ester  (B.  ax,  2583). 

Diacetosuccinic  Acid,  C^IIjqO^.  Its  ethyl  ester  is  produced  by  electrolysis 
and  by  the  action  of  io<linc  upcm  sodium  acetoacetic  ester  (A.  201,  X44;  B.  28,  R. 
452). 

CH,  .  CO  .  CHXa .  CO,R   ,    ,   _  CH, .  CO  .  CH  .  CO,R 

CII3 .  CO  .  CHXa .  CO,R  +  '«  "  cH, .  CO    dill .  CO,R  "^  ''^^^' 

It  cr)'stallizes  in  thin  plates,  melting  at  88°.  It  exists  also  in  a  liquid  (/3-)  noodifi* 
cation,  and  a  >-form  melting  at  68°  (A.  293,  86).  It  is  very  unstable  and  undergoes 
various  transformations,  correspondii  g   to   its   >diketone  nature  (with   the  atomic 
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KToatHDE  CO .  CH  ,  CH  .  CO.  p.  324)  Thue,  when  healed  or  acted  upon  by  Kids, 
it  jrieldi  carbopyratiilartHric  raler  |a  deiivmivp  of  furfurol}.  Pyrrol  deriVHlivei  result 
when  it  is  acted  upon  wiili  ummonia  and  nminea.  This  reaclioo  will  serve  for  the 
detection  of  diacelo  succinic  titer  (iS.  19.  14),  Phenylhydraione  produces  bispyra 
zolon  derivntines  (A.  338,  168). 

Sodium  hydroxide  causes  the  esler  to  break  down  ioto  iCO,,  and  acelonyl  acetone 
(P-  3^4).  CH,.CO.CH.CO,H 

a/I-Diaceto-glutaiic  Acid,  1  .Its  dietliyl  ester  u  oh- 

CH,.CO.CH.CH,CO,H 
tained  from  aceloacctic  ester  and  (?-l«c*u1inic  ester  (p.   381).      Being  a  j-diketoae 
compound,  it  unites  vith  ammonia  and  forms  a  pyrrol'dciivntire  (B.  ig,  47), 

CH, .  CO .  CH  CO,C,H, 

a>-Diaceto-glutane  Esier,^^  ^^  CH'^^^'COCH  ''sf'"™edfrotn form- 
aldehyde and  acetoacctic  ester  in  the  presence  of  small  quantities  of  a  primary  or 
secondary  amine  (Knoesenagcl,  A.  iSH,  321).  It  pas&es  readily  into  a  tetrahydni- 
beni«ne  derifalive.  The  f^alkyl-ay-diaceto-glutaric  esters  prepared  from  the  hom- 
ologous sidehvdes  depon  themielTes  in  a  similar  manner. 
CH,  .  CH(CO .  CH.)  ,  CO,H 
icT-Diaceto-adipic  Acid,  1  Ethylene  bromide  acting 

t^H,.CH(CO.CH,).C0,n 
upon  two  molecules  of  sodacctoacetic  ester,  forms  its  diethyl  ester.     Fhenylhydraiine 
lonterts  it  itila  a  bispyrazolon  derivative  (B.  tg,  104S}. 
Diaceto- dim  ethyl  Pimelic  Acid  (B.  34,  R.  729). 

CH,.CO.CH,.CH,,CO,H 
DiliBvulinic  Kcii,\.T  Dicandion  DiaciJ,  1  .  results 

CH,.CO,CH,.  CH,,CO,H 
when  alcoholic  hydrochloric  acid  acts  upon  it- furfural- Ixrnlinic  acid  (A.  194.  167J. 

Iodine     converts     disod  •  diaceto  ■  succinic    ester    into    diacilo  -  fitmaric    titer, 
CH,.CO.C.CO,R 

n  ,  meltmg  at  96". 

ii .  CO .  C  .  CO-R  f~,-^  -,  „  «rt  --.  u 

Melhenylbiaacetoacetic     Ester,    "jl    CO^^*^  ~'""  ~  ^"^COCH  '^~*" 
'   ethoxymelhylenacetoacetic  ester  (p.  4S3). 


13.  OXYTRICARBOXYLIC  ACIDS, 
Citric  Acid,  OxytrUarbaUyUc  Add  {Ad<ium  dtncum),  CO,H . . 
CH,.C(OHXCO,H).CH,.CO,H  +  H,0,  melts  when  anhydrous  al 
153"  (B.  25,  1159),  and  occurs  free  in  lemons,  in  black  currants,  in 
bilberry,  in  beets,  and  in  other  acid  fruits.  It  is  obtained  from  lemon 
juice  for  commercial  purposes,  and  also  by  the  fermentation  of  glucose, 
induced  by  certain  ferments:  CitromyceUs  pfefferianus  and  glaher 
(B.  afi,  R.  696;  27,  R,  78,  448). 

The  acid  can  be  prepared  synihetically  from  (9-dichloracetone;  this 
is  accomplished  by  first  acting  on  the  latter  compound  with  prussic 
acid  and  hydrochJoric  acid,  when  we  get  dichloroxyisobutyric  acid, 
which  is  then  treated  with  KCN  and  a  cyanide  obtained.  The 
latter  is  saponified  with  hydrochloric  acid : 

CH.a       CH,ci  CH,a  ch,,cn  ch,.co,h 

io      ->-  <!;(OH)CN  ->  {!:(OH).CO,H  — >-  i.(OH),CO,H  —V  c!.(OH).CO,H 

('■ii.ci        <!:h,ci  iH,ci  cn,.CN  (^h,.co,h 
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Citric  acid  is  also  obtained  by  the  action  of  pnissic  and  hydro- 
chloric acids  upon  acetone  dicarboxylic  acid. 

Properties. — Citric  acid  crystallizes  in  large  rhombic  prisms,  which 
dissolve  in  4  parts  of  water  of  20^,  readily  in  alcohol  and  with  diffi- 
culty in  ether.  The  aqueous  solution  is  not  precipitated  by  milk  of 
lime  when  cold,  but  on  boiling  the  tertiary  calcium  salt  separates. 
This  is  insoluble,  even  in  }K)tash  (see  Tartaric  Acid). 

Transpositions, — When  heated  to  175**  citric  acid  decomposes  into 
aconitic  acid  (p.  518).  Rapidly  heated  to  a  higher  temperature 
aconitic  acid  breaks  down  into  water  and  its  anhydride  acid,  which 
changes  to  CO,  and  itaconic  anhydride y  and  the  latter  in  part  to  ciira- 
conic  anhydride.  Another  portion  of  the  citric  acid  loses  water  and 
C^O,,  becoming  thereby  acetone  dicarboxylic  acid,  which  immediately 
splits  into  2CO1  and  acetone : 


CHj.COjH 
C(OII)CO,H  — 
CH,.CO,H 


CII.COjH  CH.COjH 

n  n 

^  C.COjH >-  C.CO 


CH, 

I 

C.CO 


CHj.COjH 
CHj.COjH 


CO 


CII,. 


CO,H 


c!;h,co 

CH, 

-  --yco 
in, 


>o 


>o 


CHjCO 

CH, 

C.CO 

CH.CX)'^ 


It  breaks  up  into  acetic  and  oxalic  acids  when  fused  with  caustic  pot- 
ash, and  ]\v  oxidation  with  nitric  acid.  Acetone  dicarboxylic  acid 
(p.  521)  is  produced  when  citric  acid  is  digested  with  concentrated 
sulphuric  acid. 

Stilts. — Being  a  tribasic  acid  it  forms  three  series  of  salts,  and  also  two  different 
mono-  and  two  dilTerent  dialkali  salts  (B.  26,  R.  687). 

The  calcium  salf,  {^-t^^iPi)^^^   \-  ^^^2^^*  i^  precipitated  on  boiling. 

Esters  :  The  ttimethyl ester  melts  at  79°  and  boils  at  176°  (16  mm.). 

Ttimethyl  Acetocitric  Estet\  boiling  at  171°  (15  mm.),  decomposes  when  distilled 
at  the  ordinar)'  pressure  into  acetic  acid  and  aconitic  ester  (B.  z8,  1954).  Acetocitric 
anhydride^  melting  at  121°  (B.  22,  984),  breaks  down  when  distilled  at  the  ordinary 
pressure  into  CO^.  acetic  acid  and  citraconic  anhydride. 

Citramnfcy  C3  II^(0  H  ^  ( CO  .  NT  I,),.  When  digested  with  hydrochloric  or  sulphuric 
acid  it  is  condensed  to  citrazinic  /rr/V/ (dioxypyridine  carboxylic  acid)  (B.  17,  2687; 
23.  831  ;  27.  R.  83). 

Isocitric  Acid,  COjII .  C(CIT3)(OH) .  CH(CO.,H) .  CH, .  CO,H,  is  obtained 
from  acetosuccinic  ester  by  means  of  prussic  and  hydrochloric  acids.  When 
libemted  from  its  salts  it  immediately  passes  into  a  7 -lactone  dicarboxylic  acid  (A. 

234.  38). 

Cinchonic  Acid,  butenyl-tJ-oxy-a.3v-tricarl>oxylic  lactone,  melting  at  168"  (A. 
234*  85  ;  B.  25,  R.  904),  is  produced  when  sodium  amalgam  acts  u|x>n  cinchomer- 
onic  acid  or /?> -pyridine  dicarboxylic  acid.  When  heated  to  1 68°  it  breaks  down 
into  COj  and  pyrocinchonic  anhydride  (p.  466)  : 


N Cn  =  C .  COjH 

I 
CH— CH  =C.CO.H 
Cinchomeronic  Acicl 


O CH,— CH  .  COjH 

do— CH,— CH.COjH" 
Cinchonic  Acid 


CH,.C.CO 

>  H  >0 

CH,    C.CO 

Pyrocinchonic 
Anhydride. 
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M.  KETONE  TRICARBOXYLIC  ACIDS. 


Oxal- 


Ester. 


CO,  -  C,H, .  CO .  CH  .  CO,C,Hj 
(.'h,.CO,C,H  ,' 


<iilingatlS5"("7nini.), 


is  formed  when  Jodiuni  ethylat 
U  helled  iloiie  under  ordinary  preuure,  it  breaki  dovia  inio  CO  snil  elhenyl  tricar- 
boxylic ester  (p.  5171  (B,  17,  797).  Being  a  ^1-kclonic  icid  derivsllve.  iU  ester  yieldl 
•  pyruolon  compound  with  phenylhydrazine.  Ferric  chloride  imputs  a  red  color  lo 
its  alcoholic  toluiioii.  It  hreaks  down  wheo  hcued  «boTe  150°  into  CU  and  ethane 
Iricarboiylic  esler  (B.  aj,  797;  A.  iSj,  1). 

«-Aceiotrie«rb»llylic  Eaier.  CH,.  CO-  CH(CO,C,H,)CH(CO,C,H,)CH,. 
(COjCjHj),  boiling  at  175*  (9  tnm.),  is  obtained  rrom  cblorsuicinic  cstei  and  sodium 
■celoBceliceslerlB.  S3.  3756I. 

/J-AcetotrieBTbaUyiic  Ester,  CO,.  C,H,.CH,.C(COCIlj)(CO,C,H,).  CH,.- 
CO,C,H„  boiling  at  190°  (16  mm. ),  is  formed  (tiuQ  sod-acelosucciDic  ester  and  cblor- 
Bcelic  ester,  and  as  a  by-pcoduct  in  the  preparation  of  acelosuccinic  esler  (A.  ag], 
94) ;  see  alto  /?-acct*gIularic  acid.  p.  S°l- 


15    TETRACARBOXYLIC  ACIDS. 

A.  PARAFFIN  TETRACARBOXYLIC  ACIDS 

Fantmtifn.—il)  By  the  action  ot  iodine  npon  sodium  malonic  ester,  (la)  From 
he  sodium  deri*alive!i  »r  malonic  esters  and  alkylen  dihakigenides  or  halogen 
malonic  ealcrs,  {2i)  From  sodium  tricotbonylic  esters  and  halogen  occlic  eslen. 
(3]  By  the  adilition  of  sodium  malonic  esters  to  the  esters  of  unsaturated  dicir- 
boxylic  acids,  cic.     Usually  they  are  only  known  in  the  form  of  their  esters. 

Sym.  Ethane  Tettacarboxylic  Acid.  Dimalauii  Aiid,  (lO.H),— CH— CH— 
(COOH),.  melts  at  t67-l69°,  and  heated  to  higher  temperatures  becomes  ethylene 
succinic  acid.  It  is  obtained  from  its  uler  by  means  of  sodium  hydroxide  (B.  35, 
ItsS),  The  tlhyliittr,  melting  at  76°  and  boiling  wilh  decomposition  at  305°,  is 
produced  by  elecirolyiis  (B.  a8,  R,  450) ;  by  the  action  of  chlormalonic  ester  and 
of  iodine  upon  sodium  malonic  ester,  and  by  heating  dioialosuccinic  ester  (see  this). 
Canstic  potash  saponifies  it  to  ethane  iricarboiylic  acid  with  the  elimination  of  CO, 
[p.  517).     See  B.  18.  1711,  for  the  dihydrazide. 

Sodium  elhylalc  converts  ethane  tettacarboxylic  ester  into  a  disodiuro  derivati*e, 
which  yields  tetrahvdronapiitbalcne-tclracarboiiylie  ester  (B.  17,  449)  with  o-xyly- 
lene  bromide.  C,H,(L  H,Br),. 

Ethyl  Ethane  Tetr»c«rbosylic  Ester,  B,  17,  2785, 

Dimethyl  Ethane  Tetracarboxylic  Ester.  B.  iB,  1202;  aS,  R.  451. 

Diethyl  Btbane  Tetracarboxylic  Ester,  B.  at,  1(^5  1  aS,  R,  4J2. 

Alkylen  Dimalonic  Acids. — The  Tollowiiig  adds  for  practical  lesKms  are  in- 
cluded in  this  classy  methylene,  ethylene,  and  irimelhylcTie  dimalonic  acids.  Their 
elhyl  esters  are  (iroduced  when  methylene  iodide,  elhy  leiie  bromide,  and  trimelhylene 
bromide  act  upon  sodium  malonic  esters. 

(i  Propatie  Tetracarboxylic  Ester,  Methylene  Dimalonic  Ester,  Diearboxy- 
glotaric  Ester,  CH.<cH|C^c'M'r ''  "'^'"'^  ^'^  '■"  cn"''c"»"l'™>  "f  fo"nic 
aldehyde  or  methylene  iodide  (B,  la,  3194 ;  97,  1345)  wilh  two  molecules  of  malonic 
ester,  and  l>y  the  action  of  zinc  dust  and  acetic  acid  ujion  (^-propykne  tetracarboxylic 
acid  (il.  13,  R.  240).     It  boils  at  140"  under  too  mm,  pressure. 

Ethidene  Dimalonic  Ester.  CH,.  Cn<^[j|^"^>||''>,  is  produced  by  the 
un{on  of  ethidene  malonic  ester  (sec  this)  ar-"  — '■ ^-?~-!-'-... 


i 
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Ethylene  Dimalonic  Ester,  Butane  Tetracarbosylic  Eater, 
CH, .  CH(CO,C,Hj), 

I  ,  is  formed  together  with  a-trimethylene  dicarboxylic  ester 

CH,.  CH(CO,C,IIj), 
when  ethylene  bromide  acts  upon  sodium  malonic  ester  f  B.  19,  2038). 

See,  further,  trimethylene- 1. 1 -dicarboxylic  acid  and  nexamethj^ene- 1. 1 -3.3- tetnr- 
carboxylic  ester.  . 

Alkyl  Butane  Tetracarbozylic  Ester,  B.  a8,  R.  300, 464. 

Trimethylene     Dimalonic     Ester,     Pentane  -  Tetracarbcnylic      Acid, 

CH,<pu''  r;H(Co'2H*i''  **  formed,  together  with  tetramethylene  dicarboxylic 

esicr  (see  this)  in  the  action  of  trimethylene  bromide  upon  two  molecules  of  sodium 
malonic  ester.     See  also  hexamethylene-I.I-3.3-tetracarboxylic  ester. 

It  is  noteworthy  that  the  disodium  derivatives  of  the  alkylen  dimalooic  esters  are 
converted  by  the  action  of  bromine  or  iodine,  or  of  CH.I,  and  CH^Br.  CH^Br,  into 
cycloparoffin  tetracarlmxylic  esters.  The  alkylen  dimalonic  acids  split  off  two  CO, 
groups  and  yield  alkylen  diacetic  acids;  so,  too,  the  cydoparafEn  tetracarboxylic 
acids,  obtained  from  the  alkylen  dimalonic  acids,  yield  cycloparaffin  dicarboxylic 
acids : 


Methylene  Dimalonic  Acid 
CH,.CH(C0,C,H5), 


ii 


^^       C(CO.CH,). 

qcoAH,), 

Trimethylene  Tetracar- 
boxylic Acid 

CH, .  C(CO,C,H,), 


:h,.ch(co,c,H5), 

Ethylene  Dimalonic  Acid 


CH,. 


^,^^CH,.CHtCO,C,H,_)^ 

^  ^CHj.CHiCO.CjHj),* 
Trimethylene  Dimalonic  Acid 


c(co,c;h.), 

Teiramelhylene  Tctracar- 
t)Oxylic  Acid 

(.j,^>^H,.C(CO,C,H^ 

*     CH, .  C(C0,C,H5),' 
Pentamethylenc  Tetracar- 
boxylic Acid 


CH .  CO,H 

Trimethylene  DicarbozyUc 
Acid. 

CH, .  CH  .  CO,H 

— >-| 

CH, .  CH .  CO,H 

Tetramethylene  Dicarboxylic 
Acid. 


CH,  — CH.COjH 
Pentamethylene  Dicarljozylic 
Acid. 


Scxiium  and  ethyl  cbloracetate  change  ethenyl  tricarlx)xylic  ester  into  the  ester  of 

Propane-a,?.i} -tetracarboxylic  Acid,  C(CO,H),  <  ^[|»- ^^]»[][ ,    Malondiacetic 

acid,  which  lx)ils  with  slight  decomposition  at  295°  (200  mm.).  The  free  acid  is 
obtained  by  saponifying  the  ester.  It  melts  at  151°  and  decomposes  into  carbon 
dioxide  and  tricarballylic  acid. 

retracarlx)xylic  acids  are  formed  by  the  addition  of  sodium  malonic  and  sodium 
alkyl -malonic  esters  to  the  olefine  dicarboxylic  esters.  These  acids  lose  CO,  and 
become  tricarballylic  acids  (p.  517)  (J.  pr.  Ch.  [2],  35,  349;  B.  24,  311;  24,  2889; 
26,  364). 

Propane-aa/3>  -tetracarboxylic  Ester,  (C0,C,H5),CH  .  CH(C0,C,H5)  .  CH,. 
COjC^Hj,  boiling  at  203-204°,  is  obtained  (i)  from  fumaric  ester  and  sod-malonic 
ester  (compare  cthidene  dimalonic  ester) ;  (2)  from  monochlorsuccinic  ester  and 
sodium  malonic  ester  (B.  23,  3756;  24,  596).  Tricarballylic  acid  is  produced  when 
the  ester  is  saponified  with  alcoholic  potash. 

Butanen  ^;  rY-tetracarboxylic  Acid,  CH,(CO.H)CH(CO,H)CH(CO,H)CH,.  - 
(CO,H),  melting  at  244°,  is  prepared  from  a-maion-tricarbaflylic  acid.  Its  dtun- 
hydride  melts  at  173°  (B.  26,  364;  28,  882). 


PENTAUYDRIC   ALCOHOLS,    PENTITES.  ; 

B.  UNSATURATED  TBTRACARBOXYLIC  ACIDS. 

C(CO,C,Hj), 
Ethylene  or  Dicarbon-TetracarboNylic  Ester,  1   _     f~  ,,  .  ■  <•  ebuined 

■nd  by  (he  Hction  of  iodine  upoa  ] 
S8*.  and  boils  at  xxg'. 
CH.CO,U 

PropyUne-aVr-tett«caib<M(ylic  Acid,  C,H,0.=  t^ '^''°'"  Iteelhyl  ] 

^CH(CO,H),. 
ester  is  foniied  from  brommiilelc  ester  and  sodium  nutntiic  esler.     The  acid  conini 
iwo  oioleculca  of  weier  of  cryslaltiralion.     These  escape  al  loo".     The  Bnhydro 
ucid  melis  at  191°,  with  decomposition  into  CO,  and  paeudo-icooiiic  add  melling  at   I 

Propylene-ao^j-ieiracarboxylic   Eater,  CH(CO,H),.CH  ;C(CO,C,Hi),.  di- 
curboxyl-glulaconic  ester,  resulli  from  tbe  interaction  of  sodium  malonii:  eatcf  and 
glilorofotm.     See  also  cthonymelhylcne  malonie  Mier  (p.  494).      Wheu  s^wnified  1 
with  hydrochloric  add  it  yields  glulacooic  acid.     Sodium  UDialgaEn  converts  il  inia 
dicaiboijl-glutaric  ester,     Il  splits  off'  alcohol  and  then  coodensei  to  6-laclont,  melt' 


Ooijl-gll 

1  93°  1.B- 


I,  1419;  a6,  R,  9): 


CO,.C,H,  .CH.CO,.C,H,  CO,C,H,.C^=C  — OC,H, 

i„  -'•"'°">  iH       i 

CO, .  C,H, .  C  -  CC10C,Hj  CO, .  C,H,.C  — -  CO 

Wlien  il  It  heated  with  caualic  poIBih  ildecomposes  into  formic  and  malonie  addl. 
Glutaconic  acid  is  also  produced  (p.  467)  (E),  ay,  3061 ;  C.  1H97,  1,  29,  129). 
When  aniidines,  bydriuine,  and  bydroTylainine  ad  upon  it,  matoaic  esler  splits  on, 
and  cyclic  derivatives  of  oiymclhylene  malooic  acid  result  (p.  494). 

Allene  Tettacarboxylic  Eater,  (CO,C,H.),.  C  ^  C:  C(CO,C,H,)„  from  di- 
sodium-  and  dichlormalonic  esters,  melts  at  94°  (b.  ay.  3374). 


Vn.    THE    PENTAHYDRIC    ALCOHOLS     OR     PEN- 
TITES  AND   THEIR  OXIDATION   PRODUCTS. 

I.  PENTAHYDRIC  ALCOHOLS,  PENTITES. 

One  of  these  occurs  in  nature;  all  the  rest  have  been  obtained  by 

the  reduction  of  the  corresponding  aldopenCoses  with  sodium  amalgam. 

Their  constitution  follows  from  that  of  the  aldopentoses  from  which 

they  have  been  prepared.     The  simplest  pcntiie,  CiH,COH)i,  =  CH,  - 

OH  .  tH(OH) .  CH(OH) .  CHOH .  CH,OH,  can  have  five  theoretical 

modifications,  because  in  the  formula  two  asymmetric  carbon  atoms 

e  present,  and  they  are  separated  by  a  non -asymraetric  carbon  atom. 

There  are  two  optically  active  modifications,  one  of  which  is  known  as 


I 
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1-arabite.  There  is  also  an  inactive  modification,  produced  by  the 
union  of  the  preceding  forms,  and  which  can  be  split  into  them. 
Finally,  there  exist  two  optically  inactive  modifications  due  to  an 
intramolecular  compensation. 

These  can  not  be  resolved.  They  are  xylite  and  adoniie.  The  pentites  are  oxi- 
dized to  pentoses  by  bromine  and  soda  (B.  27, 2486).  Compare  p.  562  for  the  steieo- 
chemical  constitution  of  the  pentites. 

1.  1-Arabite,  C(II,(OH)^,  melting  at  102°,  is  Isevorotatory  after  the  addition  of 
borax  to  its  aqueous  solution.  It  is  produced  by  the  reduction  of  ordinary  or  I-arabin- 
ose  (p.  536),  and  has  a  sweet  taste  (B.  24.  538,  1839  Anm.).  Benzalarabite  melts 
at  150°  (R.  27, 1535).     Diacetone  Arabite  boils  at  145-152°  (23  mm.)  (B.  a8, 2533). 

2.  Xylite,  CjHf^OH)5,  is  syrup-like  and  optically  inactive.  It  results  fifom  the 
reductiotf  of  xylose  (p.  536,  B.  24,  538;   1839  Anm. ;  R.  567;  27,  2487). 

3.  Adonite,  CjH^(0H)5,  melts  at  102°  and  is  optically  inactive.  It  occurs  in 
Adonis  xfemalis^  and  is  produced  by  the  reduction  of  ribose  (p.  536  ;  B.  26,  633). 

Adonit-diformacetal  melts  at  145°  (B.  27,  1893). 
Adonit-diacetone  boils  at  150-155^  (17  mm.). 

4.  Rhamnite,  CH, .  CjH,(OH)j,  melting  at  121°  and  dextrorotatory,  results  from 
the  reduction  of  rhamnose  (p.  536 ;  B.  23,  3103). 


2.  TBTRAOXYALDEHYDBS,  ALDOPENTOSES. 

The  tetraoxyaldehydes,  the  first  oxidation  products  of  the  pentahy- 
dric  alcohols,  are  closely  related  to  the  pentaoxyaldehydes  or  aldohex- 
oses,  the  first  class  of  the  carbohydrates  in  the  more  restricted  sense, 
to  which  also  the  aldopentosesare  very  similar  in  chemical  deportment. 
Whereas  formerly  the  carbohydrates  occupied  a  sjiecial  position  in  the 
province  of  aliphatic  chemistry,  they  are  now  found  to  be  very  closely 
allied  to  simpler  classes  of  bodies.  All  aldehyde-  and  ketone-alcohols, 
which  can  be  regarded  as  the  first  oxidation  products  of  the  simplest 
representatives  of  the  polyhydric  alcohols,  contain,  like  the  carbohy- 
drates in  a  narrower  sense,  not  only  carbon,  but  also  hydrogen  and 
oxygen  in  the  same  proportion  as  water,  e,  g. : 

Clio  CHO  CHO  CHO  CHO 

ClI,OH  duOH  [CTHOH],  [inOH],  [tHOH]^ 

Giycoiyi  (^11,011         iii,OH  (!:h,oh  (!:h,oh 

Alaehvcle  Glvcerose  Ervthrose  Arabinose  Glucose 

(Diose,C-H40-)  (Triose,  CsH^Oa)  (Tetrose,  C4H«04)  (Pentose,  CsHioOj)  (Hexose.  C«HuOa} 

The  simplest  carbohydrates  are,  therefore,  aldehyde-alcohols,  such 
as  those  just  mentioned,  or  ketone  alcohols — e,  g.y  fructose,  CH,OH  .- 
CO  .  [CH  .  OH],CH, .  OH  (p.  551).  The  aldopentoses  show  the 
following  reactions  in  common  with  the  aldohexoses: 

1.  They  form  ethers  with  alcohols  in  the  presence  of  small  quanti- 
ties of  hydrochloric  acid  (B.  28,  1156). 

\a.  They  form  mercaptals  with  the  mercaptans  in  the  presence  of 
hydrochloric  acid  (B.  29,  547). 

2.  They  are  reduced  by  sodium  amalgam  to  alcohols  ;  pentites. 
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3.  Nitric  acid  oxidizes  thera  to  oxycarboxylic  acids :  Utraoxymemo- 
and  Irioxydicarboxylii  adds. 

4.  They  yield  osamines  with  methyl  alcoholic  ammonia  (B.  28, 
3083)- 

5.  Hydrazine  converts  the  pentoses  into  aldaeinei  (B.  39,  2308). 

6.  Phenylhydrazine  changes  them  to  hydrazones  and  characteristic 
dihydra^ones:  osazones. 

7.  They  yield  oximes  with  hydroxy lamine. 

8.  By  successive  treatment  with  prussic  acid  and  hydrochloric  acid 
they  pass  into  pen laoxy acids,  the  lactones  of  which  may  be  reduced 
to  hexoses  (p.  564),  whereby  consequently  the  synthesis  of  a  hexosc 
from  a  corresponding  pentose  is  realized. 

9.  They  reduce  Fehliug's  solution. 

10.  They  combine  with  aldehydes,  particularly  with  chloral  and 
bromal. 

ri.  They  unite  with  acetone  in  the  presence  of  traces  of  hydro- 
chloric acid. 

However,  ihe  aldopcnioses  are  (i)  not  fermented  by  yeast;  (2) 
they  yield  futfurol  or  alkyl  furfurots  when  they  are  distilled  with 
hydrochloric  acid  or  wilh  dilute  sulphuric  acid.  This  reaction  can 
be  applied  in  the  quantitative  determination  of  the  aldopentoses  (B. 
35,  a^ij).  (3)  When  they  are  heated  with  phloroglucin  and  hydro- 
chloric acid  they  acquire  a  cherry-red  color  (B.  39,  izoj). 

Formation. — Their  production  from  natural  products  will  be  indi- 
caied  under  the  individual  aldopentoses.  However,  a  reaction  will 
lie  given  in  this  connection,  which  promises  to  afford  a  general  method 
for  the  conversion  of  aldohexoses  into  aldopentoses. 

On  treating  d-glucosoxime  (p.  550)  with  acetic  anhydride  and 
sodium  acetate,  the  nitrile  of  pentacetylgluconic  acid  is  obtained. 
When  this  is  treated  with  caustic  alkali,  and  then  with  hydrochloric 
acid,  it  gives  off  first  the  prussic  acid,  and  then  the  acetyl  groups,  in 
order  to  become  d-arabinosc  (Wohl,  B.  a6,  740)  : 

CH  =  NIOH)  CN 

H.C.OH  HCO.COCH, 

HO.C.H  CH,.COOCH 

H.t.OH  ■  ^              HCO.COCH, 
H.i.OH 

iH,OH 


d-Arabinose  is  the  first  aldopentose  prepared  synthetically,  as  d-gtu- 
cose  (p.  553)  can  be  synthesized. 

The  al,fupciHos«  of  Ihe  fonuuU  CH,(On) .  CH .  (OH) ,  ('h(OH)  .  Jll  .  OH .  ■ 
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Clio,  containing  three  asymmetric  carbon  atoms,  can  appear  theoretically  in 
optically  active  iMiuntrriilcs,  and  four  optically  active,  racemic  or  [d  <f  IJ 
tionsi  wliicli  can  \w.  res«ilvcil  (p.  55^)- 

1.  Arabinose.  t'll,^t)ll) .  (ClI.  OII),.CIIO,  is  known  in  three  mo'Ufications: 
l-.-f>-i}/'iM<'jr\  fH^ciinase.  melting  at  x6o^,  is  obtained  from  cherry  gum  on  boiling  with 
dilute  sulphuric  acid.     Sxlium  amalgam  converts  it  into  arabite. 

It  is  dextro mtutitry,  and  reduces  Fehling's  solution.  Oxidation  converts  it  into 
I  araUmic  iicid  (p.  537),  and  l-triuxyglutaric  acid  (melting  at  127°).  Boiling  bydro- 
clili>ru-  acid  ctuivorts  it  into  furfurol. 

.1/.Mi.V<ir.i/'/»;.\(f./r,  ^Vl9<>6-  CI  I,,  melts  at  I69-I7I<*  (B.  a6,  2407;  a8,  II56). 
1  .  l».toinosa:one,  ( \\  I^( ),( N^liC^  li^^,  ^H.  24, 1840  Anm.),  melts  at  160^.  X-Arahitt&se- 
f  f'trt*if'hi-n\!h\th\noMf  melts  at  150-155^  (B.  27,  2490).  VArabinMe-axime  iDie\\s 
lit  !.{.*- 1 33'^  (H-  ^^*  743)'  Ariibinoson^^  see  B.  24,  1840  Anm.  Arabinose  Jitkyi 
Af.t.ii/'ta/  melts  nt  125*^.  Anihinose  Ethylene  Mercapial  xdx\\%  at  1 54®.  Arabinose 
MffhyltHf  J/cr,.i//ii/ melts  at  150°  (B.  2g,  547).  Arabinochhral :  o-fonn  melts  at 
\i\\  the  /{-vaiicty  at  183°.  Arabinobromal,  CjHgOs:  CH  .  CBrg.  melts  at  ZlcP  (B^ 
29,  K.  S  14^-     AtAihiuose  Dituetone  melts  at  42*^  (B.  28,  II64). 

tl  .h\ibincit'  is  tornied  by  the  breaking-down  of  d-glucosoxime ;  it  is  kevorotatory. 
d  .'f/i/.A/n.Wf/:!'/!^ melts  at  I0o°.  A- Arabinose- Jiacetamide^  CJtijfi^i^H, .  CO.  CH,),, 
meltMAi  1S7*'. 

[il  \  1 1  Afiibinose  is  formed  by  the  union  of  the  two  optically  active  aimbinoaet. 
[d   I  1]  Am/'hiositti'ftr  melts  at  l(»6°  (H.  27,  2491). 

2.  Xylose.  WoiMl  Su^ar,  C\U3(OH)^.  CHO,  is  obtained  by  boiling  wood-gum 
(l>cech-wiHMl.  jute,  etc.)  with  dilute  acids  (B.  22,  1046;  23,  R.  15;  24,  1657).  It  is 
dcKtro  ro(ati>ry.  Ify  reduction  it  forms  xylite  (p.  534)  and  when  oxidized,  xytonic 
acid  (p.  5^7)  and  i  trioxy^^hitaric  acid  (m.  p.  152*').  Pmssic  acid  converts  it 
iiilii  l-^uloiiic  acid  ({>.  500)  and  1  idonic  acid  (p.  567). 

.\'\.\'ui\-»^  nu-lts  at  160°.  [d -•  1]  Xviosazone  melts  with  decomposition  at 
-Mo"  jiu^  (IV  27,  24SS).  J/cMi/  Xyiositit',  Cjiy^.  CH,.  The  a-form  melts  at 
1)1^.  ami  the  ,^  variety  at  150°  (B.  28,  II57).  Xylochhral  mt\X&  at  132^  (B.  a8, 
K.  14S). 

3.  Lyxose  is  fornnMl  by  the  reduction  of  the  lactone  of  lyxonic  acid  (p.  537). 
Piii>sic  aciil  convirts  it  into  acids,  which  yield  mucic  acid  on  oxidation  (B.   ag, 

.S>'4)- 

.}.  Ribose,  (^H^iOlI)^ .  C'lIO,  is  obtained  from  1-arabinose,  by  oxidizing  the 
l.itiiT  to  i  .iral><)nic  acid  ^  p.  537),  then  rearranging  the  latter  to  ribonic  acid  (p. 
5>7i  by  heating  it  with  pyridine,  and  finally  reducing  the  ribonic  acid  (B.  24, 
4JJ1)).' 

5.  Rhamnose.  or  Isodulcite,  Cll3(ril .  OIIj^CIIO  -{-  11,0,  melts  at  93®  in 
anliydrous  form;  at  I22-IJ(>°  wluii  crystallized  from  acetone.  It  is  dextrorotatory 
( IJ.  29.  K.  117,  3^o).  It  results  u|K>n  dccornjwsing  different  glucosides  (quercitrine, 
x:u)(lu)il):iini)iiu-.  hcsperidiiie)  with  dilute  sulphuric  acid.  Isodulcite  yields a-methyl- 
fuifuri'l  wlit.'n  distilU-il  witti  sulphuric  acid  (Li.  22,  R.  751). 

It  yii  Ids  rluiinnitc  upon  n-duciion,  and  by  oxidation  I-trioxyglutaric  acid  (m. 
p.  127°).  (.'Nil  and  hydrochloric  acid  convert  it  into  rhamnose  carboxylic  acid 
(p.  5<',7  ;  W,  22,  1702).  Its  oximr  has  been  cleconiposed  into  methyl  tetrose  (p. 
521)  (IJ.  29,  i37Si.  Its  hydrazotic  molts  at  if;9°  and  its  osazone  at  180"  (B. 
20.  25741.  Ai-r/ont'  KhamnosUe^  ^li^lj/^j :  ^'.i'i«.  melts  at  90®  (B.  28,  II62). 
Rhinmu'se  Ethyl  Merdiptal  melts  at  130°.     Ethylene  Mercaptal  melts  at  169**  (B. 

29.  547)- 

().   Isorhamnose  has  been  obtained  by  the  reduction  of  the  lactone  of  isorham- 

nonic  acid. 

7.  Chinovose,  CIl3[CII .  (.)II]^CIIO,  isomeric  with  rhamnose,  is  a  product 
obtained  by  decom]>OMing  chinovine,  occurring  in  varieties  of  quina  and  cinchona 
with  hyilrochloric  aci«l.      Its  osazone  melts  at  193-194°  (B.  26,  2417]. 

8.  Fucose,  Cgll^Oj,  isomeric  with  rhamnose,  results  when  sea  weeds  (fucus 
varieties)  are  heated  with  dilute  sulphuric  acid. 


3.  TETRAOXYMONOCARBOXYLIC  ACIDS. 

Acids  of  lhi&  class  ore  oblnined  lij  oxidizing  the  aldopeiitoMS  with  bramioe  water 
or  dilute  nitric  acid.  Tbey  readil;  pass  into  luctones,  <.uini;  of  nhicti  yield  pemoset 
on  redoetioQ.  Futthermore,  oxidation  changes  them  in  part  to  (iicarliojyiic  acids. 
Hydriodtc  acid  reduces  scime  of  them  to  lictones  of  the  monoxjpirafiiii  corboxyUc 
acids.     All  the  known  acids  ore  optically  active. 

Ttlraoxy-n-valfric  aiidi,  as  aldopentoses  with  an  equal  number  of  carbon  atoms, 
have  iheorcticall]'  eight  oplicBlIf  active  fonns,  three  of  which  nre  known,  and  four 
[d  -f  I]  modi  fical  ions. 

I.  i-Arabonic  Acid,  CH,(OH)  .  (CH  .  OH), .  CO,H.  n  obtained  from  l-«rabi- 
nose  (B.  ai,  3007).  When  liberated  from  its  sails  by  mineral  acids,  it  tplils  off 
water  and  becomes  the  lactone  CjHjU,,  melting  at  9S-98'.  Kurlher  oxidation 
changes  it  to  Irioxyglutaric  arid.  Its  fhrnylhyiiraiidt  melts  at  215°  (B,  fl3,  2617  ; 
■4,  4119).     When  it  is  heated  lo  145°  with  pyridine  it  yields  along  wiih  pyromiicic 

'  some  of  the  isomeric — 

.  Ribonic  Acid,  which  under  like  treatment  reverts  in  part  to  arabonic  add. 
Its  laeloiii,  C,H,Oj,  melts  at  71-76°  (B.  34,  42I7)'      I'»  phtnylkydratide  melts  at 
-164°.      Arationic  and  ribonic  acids  are  Ixvorolalory. 

^.   Xylonic  Acid,  obtained  from  xylose  by  bromine,  when  healed  nitb  pyridine 

4.  Lyxonic  Acid,  the  lactone  of  whicb  melts  at  I1J°  (B.  ag,  jSl).  See  fuither 
lyxose,  p.  Sjfi. 

5.  Rbamnonic  Acid,  from  rhamnose  and  bromine,  immediately  passes  into  its 
lactone.  C,H|„Oj,  melting  at  150-151=  (B.  33,  29921  A,  271,  73).     When  heated  Ic 

50°  with  pyridine  it  changes  partly  to — 

6.  Isorhamnonic  Acid,  the  lactone  of  which  melts  at  150-152",  and  when  oxi 
lized  yields  xylotrioxyglutaric  acid  (I).  39,  1961),      See  also  isorhamnose,  p.  536. 

7.  Saccharic  Acid  changes  into  Saccharin,  its  lactone  : 

CH,{OH)  ,  CH(OH} .  CH(OH) .  C(OH)<^q»^ 


CH,(OH) .  CH  .  CH(OH) .  C{OH} .  CH, 
O— to 


which  is  obtained  by  boiling  deiliose  and  Isevulose  (or  from  inrcrt  sugar)  with  ir 
of  lime  (B.  15.3954).  iarridrin  dissolves  with  difficulty  in  water  (in  l!i  parts  1.  forms 
large  crystals,  tastes  bitter,  melts  at  l6o°,  and  snbllmes  without  decomposition,  It 
is  reduced  to  o  methyl-y-valerolactone,  or  a^-dimethyl  bnlyrolaclooe  when  healed 
with  hydriodic  acid  (A.  ai8.  373), 

It  yields  a  phenyl  h  yd  razide  with  phenyl  hydrazine.      It  melts  at  165'. 

Isomerides  of  laccharin ; 

IsoBBCclMriR,C,H,oOt,  meltitig  at  95°,  when  healed  with  111  yields  a^-dimethyl. 


t 


MelBSBCcharin,  C,H,gOj,  melts  at  142°.  Hydriodic  acid  rcduc 
CBprolacione  (p.  346). 

Both  isomerides  are  produced  when  milk  su^ar  i«  treated  wiih  lime 
15141  36,  I651). 
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4.  TRIOXYDICARBOXYLIC  ACIDS. 

Tri-oxy-n-glutaric  Acids,  CO,HrCHOH],CO,H,  can  theoreti- 

cally  exist  in  four  stereochemical  modifications,  corresponding  to  the 
four  pentiles  (p.  533),  and  in  addition  in  an  inactive  form,  which  can 
l)e  decomposed. 

1-Triozyglutaric  Acid,  melting  at  127'',  corresponds  to  anbinose^  and  is  formed 
when  arabimise,  sorbinose,  and  rhanmose  are  oxidized  with  nitric  acid  (B.  94,  42I4; 
27.  3S3;  21,  3276V 

.\y/o/noxvi^/t4/aru-  Ai'U^  melting  at  152^,  is  produced  by  the  oxidation  of  inactire 
xylose  and  corresjx)nds  to  xylite  (p.  534)- 

Kiho*rio.\\xh4taric  AciJ^  resulting  from  the  oxidation  of  ribose^  inactive,  readily 
passes  into  an  inactive  lactonic  acid,  C^HgOf,  melting  at  170-171°  (B.  24,  4222).  It 
c<>rrcs|K>ntls  to  adonite  (p.  534). 

Saccharon,  CJ  It,Oc,  is  the  lactone  of  Saccharonic  Acid  : 

C  ().jll .  C'll .  Cll((  )H ) .  C(OII) .  CII,  COjIl .  CH .  CH(OH) .  C(OH)  .  CH, 

Oil  COj,H  O CO 

Saccliaroiiic  Aciil  Saccharon. 

\\o\\\  are  forinod  when  saccharin  is  oxidized  by  nitric  acid  (A.  2x8, 

Iho  nciil  is  ijuitr  soluble  in  water.  It  forms  large  crystals.  In  the  desiccator  or 
\\\\v\\  litMifd  lo  «)0''  it  lircaks  up  into  water  and  its  1-lactone,  saccharon,  melting  at 
145   '5'*''  (-^'  2'S«  .VMV     <)u  boiling  with  Hi  it  is  reduced  to  a-methyl  gkitaric  acid 

U'-  45I0. 

Trioxyadipic  Acid,  ^^41^1*^11)3.;  .;,  j*,,,  results  from  the  oxidation  of  meta- 

saivhaiin  ^sce  alcove)  witli  ilihite  UXOj  (H.  18,  1555).    It  melts  at  146°  with  decom- 
po>iiion.      llralfd  witli  HI  it  is  reduced  to  adipic  acid. 

5.  DIOXYKETONE  DICARBOXYLIC  ACIDS:  The  pyrone  dicar- 
bo\>lic  r.stors,  result  in  jT  from  the  condensntion  of  acetone  dicarboxylic  esters  with 
aldehydes,  on-  anhydrides  ^iike  ethylene  oxide)  of  the  dioxy ketone  dicarboxylic  acids. 

Dimethyl- tetrahydropyrone  Dicarboxylic  Ester.  COt^)X„   ;:C^O   , 

CO,C,H5>^"  •  ^"<CH, 
Ironi  aeetone  dicarlx:>xylic  ester,  acetaldehyde,  and  hydrochloric  acid  (B.  29,  994), 
nu'lK  at  loj^\ 

(».  TRIKKTONE  DICARBOXYLIC  ACIDS.  Acetone  DioxaIester,l>\ei\iy\ 
XaniluuMuiidonio  K^ter.  l()[(.'H2 .  CO .  CCX.CjHj]...  melting  at  I03-I04O,  is  obtained 
fn»in  aceioMc,  o\alic  e-^ter,  and  so<1iutn  ethylate.     Hydrochloric  acid  converts  it  into 

Oii':a\-fn\  I\sf<'t\VO      ,..       /-    -^^  CoV'H^*  "^^^^*"S  **'  ^^^'    ^™®  other  acids, 

'  *    *                          CH  =  CH 
relateil  to  the  preceding,  can  also  be  derived  from  pyrone,  ^^"^CH CH-^^* 
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7.   DIOXYTRICARBOXYLIC  ACIDS. 

TRIBASIC  ACIDS. 

Deaoxalic  Acid,  C  iliOH),(C0,II),,  b  «  deliquescein,  ctysUlline  mass.  lis 
trt-eihyl  tiler,  CsHijCjHjjjO,,  resulu  from  ihe  aciion  of  sodium  amalgam  upon 
diclbyl  oxalate.  It  mdli  al  78°  aod  trails  at  i;6°  {2  mm,).  When  Us  aqueous  solu- 
tion is  evaporated,  or  when  its  ester  is  bcmed  witb  water  or  dilute  acids  to  — "  '' 
add  yields  carbon  dioiide  and  raccmic  acid : 


O.CH- 


HO .  CH  —  CO,H 


O.CH- 


I 


\ 


Desoialic  ester  and  phenylhydraiine  yield  pheoylhydrajine  glyoxjlic  ester,  vrbilc 
isonilrosomaloaic  ester  and  glyeolHc  acid  are  tbe  products  with  hydroKjlamioe  (B,  39. 
R,  908). 

OxycitricAcid.C,H,0,=  C,H,(OH),  .(CO.Hjpdioxyiricarballyticacid.accom- 
pRnies  aconitic,  tricarballyljc,  and  citric  adds  in  beet  juice,  and  is  produced  by  boil- 
ing cblorciinc  acid  (fiom  acoaitic  acid  and  CIOII)  with  alkalies  or  water  (B.  iG, 
1078). 

Dioxypropenyl  Tricarboxylic  Acid,  C,HbO,  =  C,Hj(OH),{CO,H)„  results 
froni  tbc  oxidation  of  isosaccbarin  witb  nitric  acid.  It  is  a  thick  syrup.  At  I0O°  it 
loses  carbon  dioxide,  and  fotmj  dioxyglutaric  acid,  C^H,(OH|, .  (CO,H),.  which  '\% 
different  from  the  diox  vglutaric  acid  obtained  from  glutaconic  acid  (B,  18,2514), 
HjNJriodic  acid  and  pbosphoras  convert  It  into  glularic  acid,  CiH,(CO,H),. 


1 


I,  MONOKBTONE  TETRACARBOXYLIC  ACIDS. 


Aconitoxalic  Ester 


CO,C,Hj    CO,H     CO,C,H,    CO,C,H, 

^^h. h.n CO 


9.   PENTACARBOXVLIC  ACIDS. 

Propenyl  Pentaearboxylic  Acid,  CjHjiCOillj),  melts  at  149-150°.  It  is  ob- 
tained from  its  ethyl  ester,  which  is  formed  by  the  action  of  sodiom  malonic  estet 
upon  chlorelbenyl  tricarbox)rlic  ester  (p.  517), 

Butane  Penlacarboxylic  Eater,  CO,C,Hj.CH,.  CH(CO,C,Hs)C(CO,C,H,),.- 
CH, ,  CO,.  C,H,.  boiling  at  3t6-2iS°  (16  mm,),  is  obtained  from  chtonuccinic  ester 
uid  sodium  etbcnyl  tricarboxylic  ester. 

Hightr  PolyiarliaxyUc  Ethyl Ettin  have  been  ol>tained  from  sodium  propane  penta- 
carbuijrlic  esters  with  chlormalonic  esters  and  chloqwntane  pentocarboxylic  eater: 

Butane  HeflaearboiylU  Etier.  C.H.ICO.C.lIs),.  boils  al  180-285°  ('3°  n™.). 

Netani  Dieacarbuxyiic  Eitrr,  C,H,(CO,C,H,)jp,  is  a  yellow  cdl. 

Oilan-ttaemiaideea-carto-rylic  Eiler,  C^MjtCO,C,H,l„,  the  highest  known  car- 
boxylic  ester,  is  a  thick  oil,  and  results  when  chlorbulane  beplucarboiylic  ester  acts 
upon  sodium  butnne  beptocarboxylic  eiter  {B.  31,2111). 
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VIII.  HEXA-   AND   POLYHYDRIC  ALCOHOLS,  AND 
THEIR  OXIDATION  PRODUCTS. 

I  A.  HBXAHYDRIC  ALCOHOLS,  HEX AOXY PARAFFINS, 

HBXITES. 

The  hexahydric  alcohols  approach  the  first  class  of  sugars  (p.  572) — 
the  glucoses — very  closely.  They  resemble  them  in  properties.  They 
have  a  very  sweet  taste,  but  they  do  not  reduce  an  alkaline  copper 
solution,  and  are  not  fermented  by  yeast.  ^-Mannitol,  ^-sorbitol,  and 
dulcitol  occur  in  nature.  These  three  and  certain  hexites  have  been 
prepared  by  the  reduction  of  the  corresponding  glucoses — aide-  and 
keto-hexoses — with  sodium  amalgam.  Moderate  oxidation  converts 
them  into  glucoses.  The  compounds  which  the  hexites  yield  with 
aldehydes,  esj^ecially  formaldehyde  and  benzaldehyde,  in  the  presence 
of  hydrochloric  acid  or  sulphuric  acid,  or  with  acetone  and  hydro- 
chloric acid,  are  characteristic  of  them  (A.  289,  20;  B.  27,  1531; 
28,  2531). 

The  simplest  hexites  with  six  carbon  atoms  contain  four  asymmetric 
carbon  atoms  in  the  molecule.  According  to  the  theory  of  van  't  HofT 
and  Le  Bel,  10  simple  spacial  isomeric  forms  are  possible  for  such  a 
compound. 

I.  Mannitol  or  Mannite,  CH,OH[CH .  OHJ^CHjOH,  exists  in 
three  modifications:  dextro-,  laevo-,  and  inactive  mannitol ;  the  latter 
is  identical  with  the  a-acrite  made  from  synthetic  a-acrose  or  [d  -|-  ^] 
fructose.  It  is  the  starting-out  material  for  the  synthesis  of  numerous 
derivatives  of  the  mannite  series  (B.  23,  373),  and  also  of  grape-sugar 
(p.  548)  and  oi  fruit-sugar  {x}.  551),  as  will  be  more  fully  explained 
under  these  bodies.  The  ordinary,  or  d-mannitol,  occurs  rather  fre- 
quently in  plants  and  in  the  manna-ash  (^Fraxinus  emus'),  the  dried  sap 
of  which  is  wanna.  It  is  obtained  from  the  latter  by  extraction  with 
alcohol  and  allowing  the  solution  to  crystallize.  It  is  produced  in  the 
mucous  fermentation  of  the  different  varieties  of  sugar,  and  may  be 
artificially  prepared  by  the  action  of  sodium  amalgam  upon  d-mannose 
and  fruit-sugar,  or  d-fructose  (B.  17,  227). 

Mannitol  crystallizes  from  alcohol  in  delicate  needles,  and  from 
water  in  large  rhombic  prisms.  It  possesses  a  very  sweet  taste  and 
melts  at  166°.  Its  solution  is  dextro-rotatory  in  the  presence  of 
borax.  When  oxidized  with  care,  it  yields  fruit-sugar  (called  manni- 
tose,  B.  20,  831),  and  d  man  nose  (B.  21,  1805).  Nitric  acid  oxi- 
dizes mannitol  to  d-mannosaccharic  acid  (B.  24,  R.  763  ;  p.  569), 
erythritic  acid,  and  oxalic  acid.  Hydriodic  acid  converts  it  into 
hexyl  iodide. 

When  mannitol  is  heated  to  200°  it  loses  water  and  forms  the  anhydrides,  Man- 
nitan,  ^eHis^S'  *"^  Mannide^  QHjjjO^.  The  latter  is  aUo  obtained  by  distilling 
mannitol  in  a  vacuum.     It  melts  at  87°  and  boils  at  176^  (30  mm.). 


hexahvdric  alcohols,  hexaoxy 

EBlera.— MannUDl   dichlorhjdrin,  C,H,|  [^"'<,  ia 
hciled  wilh  coDcentraled  bjrdrochtoric  acid,     tl  metis  ■ 


(OH). 


fonned   when   mannitol  ii 
174°,     Ilydiobromic  acic 


',  mclLing  u  178°. 


yielilslbe  dibromhydiia,  C,Ugi 

Nilro-mannite,  C,H,(0 .  NU,)J  melting  ai  laS",  is  obtained  by  dissolving  roan-    : 
a  mixture  of  concenttated  nitric  uid  sulphuHc  acids,     ll  crystallizes  from 
and  ether  in  brigbt  needles ;  it  melts  wben  carefully  heated  and  defingnites 
siroQgty.      When  struck  it  explodes  lety  violently.     Alkalies  and  ammojiiuni  sul- 
phide regencTBle  mannilol. 

Htxacilyt-dMannilol,  C,H,(OCOCH,),.  melts  at  llg"  (B,  la,  1059). 

Hfxaiemeyl  ManHihl  XB.c\.\.%  at  149°. 

MamiM  T>ifiirmal,  C,H,0,(CH,),,  metrs  at  IJ7»  (A.  aSg,  jo). 

TribrKzal  Mannilel,  C^H,0.(CH  .  C.Hjl,.  ™clls  at  213-217"  (B.  a8,  1979). 

Triacitone  MaHnitel.  C^tl,0,(C,lI,),.  melting  at  69°,  is  obtained  from  mannilol, 
acetone, .and  a  liltle  hydrochloric  acid.     Il  ha&  a  bitter  tute  (B.  38,  116S). 

I.KVO- mannitol.  IMannLte,  is  obtained  by  the  redaction  of  l-mannose  (from 
t-arabmose  c.irboiylic  acid,  p.  566)  in  weak  alkaline  solution  wilb  sodium  amalgam 
(B-  I3i  375 1-  I'  >^  qui'e  similar  to  ordinary  mannile,  but  melts  a  little  lower  (l6j' 
164°),  and  in  the  presence  of  borax  is  Iseiorolatory. 

Inactive  Mannitol.  [d  -t-  1]  Manniie,  is  produced  in  a  similar  manner,  from 
inactive  mannoie  (from  i-mannonic  acid).  It  Is  identical  itilh  the  synthelicall)' 
prepared  a-acrile  (Irorn  a-ocrou^  p.  551)  (B.  93.  383).  It  resembles  ordinary  man- 
nitol, melts  3°  higher  (at  168°),  and  in  iqueoui  solution  u  inactive  even  in  the 
presence  of  boiax.  Nilric  acid  oxidizes  it  to  inactive  mannose  and  inactive  man' 
nonic  acid.  The  latter  can  be  resolved  into  d-  and  l-msononic  acids  {B..33,  Jgl). 
d-  and  l-Miinnono-lac  tones  maybe  reduced  to  d-  and  l-mannoses,  and  these  lo  d-  and 
l-mannites.     All  of  these  compounds  have  been  synthesized  in  this  way. 

I.  d-  and  l-Idites  are  colorless  syrups  formed  by  the  reduction  of  d-  and  l-idoses. 
Their  tribenisl  compounds  melt  at  219-123°  (B.  18,  I979i 

J.  d-Sorbite  (p.  55S),  C,H,jO,-j-  H,0,  occurs  in  mounlain-ath  berries,  forming 
small  crystals  which  dissolve  readily  in  water.  When  healed  tbey  lose  water  and  melt 
near  1 10°.  It  is  produced  in  the  reduction  of  d-glucose,  and  together  with  d-n 
oile  in  the  reduction  of  d-fmclose  (p.  551)  (B,  33,  1623).  It  is  i^uced  to  secondary 
hcxyl  iodide  {B.  33,  1048)  when  heated  wilh  hydriodic  acid. 

Sorbite  Trifarmia,  C,H,0,fCH,l,.  melts  at  306"  (A.  iSg,  23). 

Triacctvnt  Ssrbile,  C,H,0,(C;H,)„  melts  at  45"  and  boils  at  172'  {25  m 

VSorbit/{;p.  558),  melting  at  75°,  is  oblained  by  the  reduction  of  I'gulosc  (p.  55' ) 
(B.  34,  2144). 

4.  Dulcilol,  Dulcite,  C,H„0,,  occurs  in  various  plants,  and  is  obtained  from 
dulcilol  manna  (originating  from  Madagascar  manna).  It  is  made  Biti5cial!y  by  the 
action  of  sodium  amalgam  upon  milk  sugar  and  d>ga1aclcse.  ll  cryslalliies  in  large 
monoclioic  prisms,  having  a  sweet  taste.  It  dissolves  in  water  with  more  difRcnIty 
than  mannite,  and  is  almost  insoluble  in  boiling  alcohol.  Its  solution  remains  0  ' 
ally  inactive  even  in  tbe  presence  of  borax  (B.  3j,  3564).  It  melts  B(  1 
Hydriodic  acid  converts  it  into  the  same  hexyl  iodide  that  mannitol  yields.  ^ 
acid  oiidiies  dulcilol  to  mucic  acid.  There  is  also  an  inlermediale  aldehyde  1 
pound  that  comHnes  wilh  two  molecules  of  phenyl  hydrazine  and  forms  the  010: 

c;h,,o,(N,h  .  c,i^),  (B.  30, 1091 ). 

Jitiacuduleilt  melts  at  171°. 

i)rtMM/a'((/f«'^C,H,„0,|CH.C,H,),,  melts  at  215-320°  (B  37.  1534). 
biatttent  Duld/r,  C,HioO,(C,H,.l„  melts  at  98°  and  boils  at  194°  (iS  mm.)  (B. 
98,2533). 

5.  d<7i)//iV  (p,  559)  is  a  syrup,     ll  is  produced  in  the  reduction  of  a-tolose. 
TVittntal-a-lalile  inclu  at  200-206°  (B.  27,  1517). 
[d  -f  1]    TaHlr,  melting  at  66°,  is  formed  by  the  rednclion  of  the  body  produced 

nhcn  dulcite  is  oxidized  with  PbO,  and  hydrochloric  acid  (B.  37.  1530). 
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6.  Rhamnohezite,  CH..  [CH  .OH]^.  CH,OH,  melting  at  173®,  is  fonned 
when  rhamnohexose  (p.  55  ij  is  reduced  with  sodium  amalgam  (B.  23, 3106). 

I  B.  HBPTAHYDRIC  ALCOHOLS :  Perseite  or  Mannoheptite,  C^IL. 
(Oil),,  is  known  in  three  modifications :  d- mannoheptite,  I-mannoheptite,  and  [d  -j-  fj 
mannoheptite.  The  d- mannoheptite  or  perseite  occurs  in  Laurus  persea^  and  is 
obtained,  like  the  other  two  modifications,  by  the  reduction  of  the  corresponding 
mannoheptoses  (H.  23,  936,  2231).  The  [d  -f  1]  mannoheptite  is  formed  when 
equal  quantities  of  d-  and  1 -mannoheptite  are  mixed  (A.  272,  189).  Hydriodic  add 
reduces  it  to  hexahydrotoluene  (B.  25,  R.  503). 

d-  and  1- Mannoheptite  melt  at  187^,  and  are  optically  active,  [d  -f-  1]  Manno- 
heptite nielu  at  203°. 

aOlucoheptite,  CII,OH(CIIOH)5CFI,OII,  is  obtained  from  a-glucobeptose.  It 
melts  at  127-128°  (p.  553;  A.  270,81).  Tnacetone-a-giucohe^Ue,  C^Hy^O^^C^U^ 
boils  at  200°  (24  mm.)  (B.  28,  2534). 

a-Galaheptite,  C^Hj/),,  melts  at  183°.     It  is  obtained  from  a-galahepCose  (p. 

553).'' 

Anhydro-enneaheptite,  C^Hj^O^,  melting  at   156°,  is  formed  from  eton  and 

formaldehyde  with  lime  and  water.     It  is  an  anhydride  of  the  heptahydric  alcohol 

[ciijOii],  :  c.cii(OH)c  ;  [ch,oh], (b  27, 1089;  a.  289.46). 

Volefnite^  0^112(011),,  melting  at  149-151°,  is  found  in  Lactarius  voUmus  {fi. 

a8,  1973)- 

iC.  OCTAHYDRIC  ALCOHOLS:  a  Glucooctitc,  CH,OH[CH  .OH],.- 
CH, .  OH,  is  obtained  from  o-gluco-octose  (p.  553,  A.  270,  98),  and  melts  at  141®. 
d-Manno-octite,  CH,OH[CIIOII]cClI,OII,  from  manno-octose,  melts  at  258°. 
It  dissolves  with  difficulty  in  water. 

I  D.  ^ONO-HYDRIC  ALCOHOLS:  Glucononite»  C,H,oO,,  melUng  at 
194°,  is  obtained  from  glucononose  (A.  270,  107). 


2  and  3.  PENTA-,  HEXA-,  HEPTA-,  AND  OCTO-OXY- 
ALDEHYDES  AND  KETONES. 

The  lon^-known  representatives  of  the  first  class  of  carbohydrates, 
which  are  produced  by  hydrolysis  from  the  more  complex  carbo- 
hydrates, the  so-called  sacc  ha  rob  loses  (p.  573),  like  cane-sugar, 
maltose,  and  milk-sugar,  and  from  the  polysaccharides, — e.  g.,  starch, 
dextrine,  cellulose,  and  others, — are  penta-oxyaldehydes  and  penta- 
oxyketoncs.  The  most  important  sugar  of  the  first  class  is  grape-sugar, 
formed  together  with  fruit-sugar  by  the  hydrolysis  of  cane-sugar.  It 
also  occurs  as  the  final  product  of  the  hydrolysis  of  starch  and  of 
dextrine.  In  this  connection  it  may  be  mentioned  that  grape-sugar 
and  fruit-sugar  have  already  been  noticed  with  ethyl  alcohol,  and 
in  connection  with  its  formation  by  alcoholic  fermentation. 

The  aldehyde  character  of  these  bodies  is  inferred  from  the  ready  oxidation  of  cer- 
tain glucoses  to  monocarlx)xylic  acids,  and  their  reduction  to  hexahydric  alcohols. 
Zincke  (18S0)  was  the  first  ( B.  13.  641  Anra.)to  sus|^ct  that  ketone  alcohols  were 
represented  among  the  glucoses.  Kiliani,  in  1S85.  investigating  the  CNH  additive 
products,  proved  that  grape-sugar  must  be  regarded  as  an  aldehyde  alcohol,  and  fruit- 
sugar  as  a  ketone  alcohol.  Hence  it  is  customary  to  distinguish  aldoses  and  ketoses. 
The  same  chemist  also  showed  that  arabinose  was  an  nldopentose,  and  in  so  doing 
laid  the  basis  of  an  extension  of  the  idea  of  carbohydrates.  What  was  lacking  was  a 
method  of  synthesis.  It  is  tru**,  sugar-like  bodies  had  been  obtained  from  formalde- 
hyde (p.  552),  but  it  was  E.  Fischer  who  first  demonstrated  that  a  definite,  well- 
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defined  sugar,  a-acTose,  could  be  iMilatEd  (toto  it.    Tl 
became  in  his  hands  Ihe  sUirtiiig-poinl  for  llie  sjriilhes' 

By  reducing  [he  lactones  of  the  polyotycarboiy  lie  acids  to  oxjialdehydes  or  aldoses, 
E.  FischeT  dcvtioped  a  mFlhiid  fur  the  preparation  of  onyaMehydes  rich  in  carbon  or 
carbohydrates  from  polyoxyearboxylic acids  obtained  synthetically  from  aldoses  Ly  the 
addition  o(  prussic  acid  and  sulisequent  saponilicBlinn.  In  this  way  carbohydrates, 
containing  seven,  eight,  and  nine  carbon  atoms  in  tbe  molecule,  mere  gradually  l<uiU 
up. 

The  glucoses  mostly  cryslalliEe  poorly,  and  for  their  isolation  and  recognition 
pheny [hydrazine  waij  used.  This,  E.  Fischeralso  discovered,  give  the  very  best  auiBl- 
ance.  Wohl  showed  bow  the  oKimes  of  the  aldoMt  could  b«  uliiixcd  in  bieaking 
down  the  same  (p.  535). 

The  glucose  character  of  a  compound  is  very  mtich  affecled  iy  its 
constitution,  as  aldeh)de  alcohol— CH(OH) .  CHO,  or  ketone  alco- 
hol— CO.CH, .OH,  in  which  the  aldehyde  and  ketone  group  is 
directly  combined  with  an  alcohol  group  or  groups.  We  thus  have 
glucoses  containing  not  only  lix,  but  even  a  less  or  greater  nitniber  of 
carbon  and  oxygen  atoms.  They  are  named  according  to  the  number 
of  the  oxygen  atoms. 

The  simplest  aldose,  glycolyl  aldehyde,  CH, .  OH  .  CHO.  would  be 
an  aldodiose.  Glyceric  aldehyde.  CH,OH  .  CH  .  OH  .  CHO,  and  di- 
oxyacetone,  CH,OH .  CO  .  CH,OH,  would  represent  an  aldoCiiose  and 
a  ketotrhs€  ( p.  477).  The  aldehyde  and  ketone  of  erythrol  would  be 
an  aids-  and  ketotetrose,  as  just  developed  under  the  pentoses  (p.  534). 
Following  the  latter  are  ihe  hexifses.  In  this  class  belong  the  real 
sugars;  grape-sugar,  fruit-sugar,  and  galactose.  The  hrptoses,  octoses, 
and  noHOses  follow  in  regular  succession. 

In  addition  to  the  long-known  hexoses— grape-sugar,  fruit-sugar,  and 
galactose — many  others  have  been  discovered  through  E.  Fischer's 
investigations,  so  thai  nuw  the  hexoses  must  be  removed  from  the 
carbohydrate  class,  and  be  considered  in  immediate  connection  with 
their  corresponding  hexahydric  alcohols.  Then  would  follow  the 
hepioses,  octoses,  and  nonoses,  as  well  as  the  oxidation  prodticts  of 
these  aldehyde  and  ketone  alcohols  :  the  pofyoxymonotarboxylic  acids, 
the  polyoxyaldrhydo-carboxylic   acids,  and    the  polyoxypofyiarboxylie 

'h.  After  the  consideration  of  all  these,  the  higher  earhokydratfs, 
saceharohioses,  and  the  polysaccharides,  which  are  the  anhydrides 
of  the  hexoses,  will  be  brought  together  and  ftilly  discussed  (p.  57a). 


Occurrence, — Some  hexoses  occur  widely  distributed  in  the  free 
state  in  the  vegetable  kingdom,  es|)ecially  in  ripe  fruits.  Esters  of  the 
glucoses  (from  y^'"^"'!-  sweet)  with  organic  acids  are  also  frequently 
found  in  plants.  They  are  cMtA  glitcosides — e  .g.,  salicin,  araygdalin, 
coniferin,  the  tannins,  which  are  grape-sugar  esters  of  the  tannic  acids. 
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etc.  The  glucosides  are  split  into  their  components  by  ferments,  acids, 
or  alkalies. 

Formations, — (i)  They  are  formed  by  the  hydrolytic  decomposition 
of  all  di-  and  poly-saccharides,  as  well  as  of  glucosides,  by  ferments 
(p.  120)  (B.  a8,  1429),  or  by  boiling  them  with  dilute  acids.  (2) 
d-Mannose  and  fruit-sugar  or  d-fructose  have  been  made  artificially 
by  oxidizing  d-mannite.  (3)  A  far  more  important  method  pursued 
in  the  formation  of  the  glucoses  is  to  reduce  the  monocarboxylic  acids 
(their  lactones)  with  sodium  amalgam  in  acid  solution  (E.  Fischer,  B. 
23,  930).  (4)  Different  optically  inactive  hexoses,  particularly  a-acrose 
or  [d  -f- 1]  fructose  (p.  552),  have  been  directly  synthesized  by  the  con- 
densation of  formic  aldehyde,  CH,0,  and  glyceric  aldehyde. 

E.^J'ischer  (1890)  effected  the  complete  synthesis  of  grape-sugar  and 
fruit-sugar  by  these  methods. 

Properties, — The  hexoses  are  mostly  crystalline  substances,  very 
soluble  in  water,  but  dissolving  with  difficulty  in  alcohol.  They  pos- 
sess a  sweet  taste.  The  representatives  of  the  hexoses  occurring  in 
nature  rotate  the  plane  of  polarization,  when  in  solution,  either  to  the 
left  or  to  the  right.  The  image  isomerides  of  the  more  important 
hexoses  found  in  nature  have  been  prepared  artificially,  and  by  the 
union  of  the  corresponding  dextro-  and  laevo-forms  the  optically  in- 
active [d  +  1]  varieties  have  been  obtained.  One  of  these,  [d  -f-  1] 
fructose  or  ci-acrose,  has  been,  as  previously  mentioned,  directly  syn- 
thesized. 

Transformations.  — The  hexoses  show  the  common  reactions  of  the 
alcohols,  the  aldehydes,  and  the  ketones. 

(i)  The  alcoholic  hydrogen  of  the  glucoses  can  also  be  replaced  by 
metals  on  treating  them  with  CaO,  BaO,  and  PbO,  forming  saccha- 
rates ^  which  correspond  to  the  alcoholates,  and  which  are  again  de- 
com|)osed  by  carbon  dioxide. 

(2)  On  treating  the  alcoholic  solutions  of  the  hexoses  with  a  little 
gaseous  hydrochloric  acid,  their  ethers  result :  glucosides  of  the  alcohols 
(B.  26,  2400  ;  29,  2927). 

(3)  The  hexoses  combine  with  aldehydes,  particularly  with  chloral, 
and  with  ketones,  in  the  presence  of  inorganic  acids.  An  exit  of  water 
occurs  (B.  28,  2496). 

(4)  The  hydrogen  of  the  hydroxyls  can  be  readily  replaced  by  acid 
radicals.  The  mixture  of  nitric  and  sul|)huric  acids  (p.  303)  converts 
them  into  esters  of  nitric  acid — the  nitro-compounds  (p.  473).  The 
acetyl  esters  are  best  obtained  by  heating  them  with  acetic  anhydride 
and  sodium  acetate  (or  ZnCij).  Five  acetyl  groups  are  thus  intro- 
duced (B.  22,  2207).  The  benzoyl  esters  are  prepared  with  even  less 
-difficulty,  it  being  only  necessary  to  shake  the  hexoses  with  benzoyl 
chloride  and  caustic  soda  (p.  304).  Pentabenzoyl  derivatives  are 
then  formed  (B.  22,  R.  668;  24,  R.  971). 

An  elementary  analysis  will  not  yield  a  positive  conclusion  as  to  the  number  of 
acidyls  that  have  entered  compounds  like  those  just  mentioned.     This  is  ascertained 
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by  firsl  ssponirying  them  wilh  lifraled  atknli  wjlulion!,  or,  better,  with  magnesia  (H. 
13. 1531).  Or.tbe  acetic  esters  are  decominwd  by  IxJilinRtbem  <nitb  dilute  sul[ih»iic 
acid.  The  acetic  acid  ibat  ilistili  over  is  then  titrated  (A.  aio.  117 ;  B.  13,  1441). 
The  presence  of  bjdrtujl  in  ihe  glucoses  may  also  be  proved  by  means  of  [iheoyliso- 
cyanite,  wilh  which  they  foriD  caibanilic  titen  (B.  18,  z6o6). 

(5)  Alkyl -sulphuric  acids  result  upon  (realing  Ihc  glucoses  with  chlorosul phonic 
acid,  CIHSU,.  This  is  similar  to  (he  Ixrhavior  of  alcohols  wben  exposed  In  like  treat- 
ment (B.  17,  2457). 

The  following  reaciitms  show  the  aldehyde  and  kttone  tharacltr  of 
the  hexoses: 

{i)  By  reduction  (action  of  sodium  amalgam^  they  become  hexa- 
hydric  alcohols.  d-Mannose  and  d-fructose  yield  d-mannitol,  galac- 
tose yields  dulcitol,  and  d-sorbite  seems  lo  result  from  the  reduction 
of  d-glucose  (grape-sugar).  * 

(i)  The  oxidation  of  ihe  hexoses  does  not  occur  directly  upon 
expusure  to  the  air.  Oxidizing  agents  are  necessary.  Hence  they 
show  feeble  reiludng  power.  They  precipitate  the  noble  metals  from 
solutions  of  their  salts,  and  even  reduce  ammoniacal  silver  solutions  in 
the  cold.  .\  very  marked  characteristic  is  their  ability  to  precipitate 
cuprous  oxide  from  warm  alkali ne.cupric  solutions  (this  is  accelerated 
By  tartaric  acid).  One  molecule  of  hexose  preci[Jitates  about  five 
atoms  of  copper,  as  Cu,0.  This  is  the  basis  of  the  volumetric  method 
for  the  estimation  of  the  glucoses  by  means  of  Fehling's  solution. 
Maltose  and  milk-sugar,  of  the  di-  and  polysaccharides,  only  act 
directly  upon  the  application  of  heat.  The  others  must  be  first  con- 
verted into  glucoses  (p.  573). 

To  prepare  Fehling's  solution,  dlssoWc  34.65  grams  of  cryslalliEcd  copper  sulphate 
it)  water,  tbea  add  200  grams  Rocbelle  snll  and  600  c.cm.  of  NaOH  (sp.  p.  1.1200], 
and  dilute  the  solution  to  I  litre,  0,05  gram  hexose  is  required  to  completely  reduce 
10  c.e.  of  this  liquid.  The  end  reaction  is  rather  diflicull  lo  recognize,  hence  it  1* 
frefjuenlly  recommended  to  estimate  the  separated  cuprous  oxide  gnir  I  metrically  (B. 
13,  S36;  37,  B,  607.  7601  39,  R.  S02),  Consult  B.  33,  1035.  for  Soldaini's  sug- 
gestion of  using  a  copper  carbonate  solution  for  the  estimation  of  the  heioses. 

The  hexoses  are  converted  into  their  corresponding  monocarboxylic 
acids  (p.  564)  by  moderated  oxidation  with  chlorine  and  bromine 
water,  or  silver  oxide.  More  energetic  oxidation  changes  them  tas 
well  as  nearly  all  carbohydrates)  to  saccharic  or  mucic  acids.  Milk- 
sugar  yields  both  acids  at  ihe  same  time. 


1 
I 
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The  aldobeioses  produce  a  red  coli 
aldoketoaes,  like  fructose  and  soiliino 
The  pent  a- acetyl  and  penlabenioyl  c 
longer  show  the  aldehyde  character  {I 
posed  that  the  hexoses  possessed  i 


;  33, 


114;  3E,  1403;  38,  joSo). 


sulphite-fuchsine  solution,  while  the 

show  Ibis  reaction  (B.  37,  R.  674), 

of  the  dextroses  and  galactoses  no 

,    ;  aa,  R.  66g).     Hence,  it  was  sup- 

itiiution  likeeihyleneoxideora  lactone  (B,  aa, 


(3)  The  aldoses  yield  mcrcaplals  with  mercaplans,  in  the  presence 
of  hydrochloric  acid  (B.  27,  673). 

(4)  Oximesare  produced  when  alcoholic  hydroxylamine  acts  upon 
e  hexcises.     To  break  down  the  aldoses  the  acetyl  oxyacid  nilriles. 
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obtained  from  the  aldoximes  and  acetic  anhydride,  are  split   into 
prussic  acid  and  acetyl  pentoses  (p.  535)  (B.  24,  993 ;  26,  730). 

{$a)  Osamines  are  formed  when  the  hexoses  are  acted  upon  with  methyl  alcoholic 
ammonia. 

(5^)  The  hexoses  and  aniline,  as  well  as  its  homolog^ues,  yield  the  anilides — ^.^., 
dextrose anilidc,  CH-OH[CH .  OHl.CH  :  N .  C.H.,  which  form  cyanides  with  CNH 

— /.  ^.,  anilidodextrose-cyanide,  CH,OH[CH  .  OH]^.  CH<J^'^^  ^   (B.  27, 1287). 

(6)  Hydrazine  converts  the  aldohexoses  into  aldazines,  and  the  ketohexoses  into 
ketazines  (p.  220)  (B.  29,  2308). 

(7)  The  phenylhydrazine  derivatives  are  especially  interesting  (pp. 
192,  207,  328).  '  If  one  molecule  of  the  phenylhydrazine  (acetate)  is 
allowed  to  act,  the  first  product  will  be  a  hydrazonty  CeH^Oj .  (N .  - 
NH  .  CbHs).  This  class  of  compounds  dissolves  readily  in  water  (with 
the  exception  of  those  derived  from  the  mannoses  and  the  higher  glu- 
coses, B.  23,  2 II 8).  They  generally  crystallize  from  hot  alcohol  in 
colorless  needles.  Cold  concentrated  hydrochloric  acid  resolves  them 
into  their  components.  Benzaldehyde  is  also  an  excellent  reagent  for 
the  decomposition  of  the  phenylhjidrazones  (A.  288,  140). 

Diphenvlhydrazine,  H.N .  N(CgH5),,  often  produces  diphenylhydrazones,  C^H 
05:N,(CVh,),  (B.  23,  2619). 


IS' 


In  the  presence  of  an  excess  of  phenylhydrazine  the  hexoses,  like  all 
glucoses,  combine  with  two  molecules  of  it  upon  application  of  heat 
and  form  the  osazones  (E.  Fischer)  : 

C6",20e  +  2H,N .  NH .  QHs  =  Cell.ACN.  NH  .  CeH,),  -f  2H,0  -f  H,. 

Glucosazone. 

The  reaction  is  carried  out  by  adding  two  parts  of  phenylhydrazine,  two  parts  of 
50 ^'c  acetic  acid,  and  about  twenty  parts  of  water  to  one  part  of  glucose.  This 
mixture  is  digested  for  about  one  hour  upon  the  water  bath.  The  osazone  then  sep- 
arates in  a  crystalline  form  (B.  17,579;  20,  821;  23,  2117).  In  this  reaction  a 
hydrazone  is  first  produced,  and  one  of  its  alcohol  groups,  adjacent  to  either  an  alde- 
hyde or  ketone  group,  is  oxidized  to  CO  (inasmuch  as  two  hydrogen  atoms  in  the 
presence  of  phenylhydrazine  produce  aniline  and  ammonia),  which  then  acts  further 
upon  a  second  molecule  of  phenylhydrazine.  One  and  the  same  glucosazone,  CHj- 
(OII)  .  (CH  .  OH)3  .  C(N,H  .  CgHj)  .  CH(N,H  .  QH5)  (see  B  23,  2118),  is  thus 
obtained^from  d-mannose,  d  glucose,  and  d-fructose.  This  would  indicate  that  the  four 
carbon  atoms  which  did  not  enter  into  reaction  with  phenylhydrazine  contain  the 
atoms  or  groups  of  atoms  with  which  they  are  combined  similarly  arranged. 

The  osazones  are  yellow-colored  compounds  (see  tartrazine,  p.  528).  They  are 
usually  insoluble  in  water,  dissolve  with  difficulty  in  alcohol,  and  crystallize  quite 
readily.  When  glucosazone  is  reduced  with  zinc  dust  and  acetic  acid  it  becomes  iso- 
glucosamine  (p.  552).  Nitrous  acid  converts  the  latter  into  fructose  (B.  23,  2110). 
The  reformation  of  the  hexoses  from  their  osazones  is  readily  effected  by  digestion 
with  concentrated  hydrochloric  acid  ;  they  are  then  resolved  into  phenylhydrazine 
and  the  osones  (B.  22,  88;  23,  2120) : 

C,H„,0.(N,H  .  C.H,),  +  2H,0  = 

Glucosazone 

CH,(OH) .  (CH  .  OH), .  CO .  COH  -f  2N,H,  .  C,H,. 

Glucosone. 


I 
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The  oscmes  diwolve  readily  in  wRter,  and  have  not  been  obmined  fret.  They  com- 
blue,  Ulie  ketone- aldehydes,  with  two  mole(;ules  or  p I leiiyl hydrazine  and  form 
DsBiones,  Tbey  ate  converted  into  glucoses  by  reduction  («hen  digested  wilh  line 
dutit  and  ncetic  acid).    In  ibis  way  fruit-sugar  is  prepared  from  glucas&^toDC  ^11.  33, 

The  osones,  like  all  orlho-dicarbonyl  compounds,  yield  tgui  not  alines  ( U.  33,  zi  ;t) 
with  the  orlhodiatnines.  The  glucoses  also  combine  dirctlly  witb  the  onbo  pbcnylcne- 
diaminea  (I).  30,  2S1). 

(8)  Benioyl  bydraiide,  or  benihydraiide.  NH,  .  NH  .  CO  .  C,H,.  combines  with  (he 
aldoheiDses   to  bcnzosazones,  which   contain  four  benzbydraxide  residues  (_B,  ag, 

C;HuO,  +  4NH, .  NH .  CO .  C,Hj  =  C,H,0,(H .  NH  .  COC,Hj),  -|- 4H,0  +  3H,. 

I  (9)  Being  aldehydes  or  ketones,  tlie  hexoses  combine  with  hydro- 
cyanic acid,  foniiing  cyanhydrins,  which  yield  monucar  boxy  lie  acids 
Cp-  5^1}-  Their  lactones  can  in  turn  be  reduced  to  aldoses,  whereby 
the  synthesis  of  the  monoses  is  achieved.  Usually  in  the  hydrogen 
cyanide  addition  the  nitriles  of  both  the  acids  possible  theoretically 
are  produced,  but  not  in  equal  amounts. 


1  make  possible  the  genetic  c 


I'l-Anbinose 

Ll-X)lose 

I'RhHmnose 
f  d-Mannoje 

-,  u-Gliicoheptoae 

If  d-Glucose     <^ 

^  /?-Glucolieplose 
^  u-Galabeptose 

I  d-Galacioae  - — -<^ 

-'  ^-Galaheptoae 


^  ^J-GIuco-octoae 
f-  Galaoctose 


(10)  Fermentation  of  the  Hexoses. — The  ready  lerraentation  of  the 
hexoses  when  exposed  to  the  action  of  schisomyceles  is  characteristic 
of  them.    They  sustain  various  decompositions. 

I.  The  alcoholic  fermentation  of  the  hexoses  is  the  most  important 
decomposition  of  some  of  the  aldohexoses.  It  is  induced  by  yeast 
cells.  d-Glucose  or  grape-sugar,  d  mannose,  d<galactose,  and  the 
keto-hexoses,  d  fructose  or  fruit  sugar,  are  affected  in  this  manner. 
This  subject  was  exhaustively  considered  under  ethyl  alcohol  (p.  lao). 

I  The  other  hexoses  are  not  altered  by  the  yeast  fungi  (B.  27,  2030). 
directi 


,   In  the  iaitic  aiid  rcmientation,  the  hezoKs,  milk-sugaj,  and  gums  deconpote 
\  idirectiy  inio  lactic  acid : 

C,H„U,  ^  2C;H,0,. 
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The  active  agents  are  little,  wand-like  organisms  (bacteria  mnd  miciooocei). 
Decaying  albuminous  matter  (decaying  cheese)  is  requisite  for  their  development, 
and  It  only  proceeds  in  liquids  which  are  not  too  acid  (p.  335).  The  tempenUmc 
mobt  favorable  varies  from  30-50®.  By  prolonged  fermentation  the  lactates  suffer 
butvric  fermentation  :  this  is  owing  to  the  appearance  of  other  bacilli  fp.  247): 
2C,H,0,  -=  C,H,(),  -h  2CO,  -f  211,. 

3.  In  mucous  fermeniatioH  chain-like  cells  (of  o.ooi  mm.  diameter)  appear. 
These  convert  grape-sugar,  with  evolution  of  carbon  dioxide,  into  a  mucoosy  ffummf 
substance  ;  mannitol  and  lactic  acid  are  formed  at  the  same  time. 


3  A.    ALDOH9XOSBS. 

(i)  Mannose,  CcHiaOe,  is  the  aldehyde  of  mannitol.  Like  the 
latter,  it  exists  in  three  forms  (p.  540):  dextro-,  laevo-,  and  inactive 
[d  +  1]  mannose  (spacial  formulas,  p.  558 ;  constitution,  p.  561). 

d-Mannose^  Seminose,  melting  at  136^,  was  Brst  prepared  by  oxidizing  ordinaiy 
d- mannitol  (together  with  d- fructose)  with  platinum  black  or  nitric  acid  (B.  aa,  365). 
It  is  also  obtained  from  salep  mucus,  and  most  easily  from  seminine  (reserre-cellnloseit 
occurring  in  different  plant  seeds,  when  this  is  boiled  with  dilute  sulphuric  acid 
(hence  called  semi  nose)  (H.  22,  609,  32 18).  d-Mannonic  acid  yields  it  upon  reduc- 
tion. It  reduces  Fehl:ng*s  solution,  and  is  fermented  by  yeast  (B.  22,3223).  When 
treated  with  alkalies  it  changes  partly  to  d-glucose  and  d-fructose  (B.  a8,  3078).  Its 
hydrazone  dissolves  with  diHiculty  in  water,  and  melts  at  195^.  Benzaldehjrde 
decomposes  it  into  pure  crystallizecl  d-mannose  (B.  29,  K.  913).  Its  osaseme,  CLH»- 
04(N,H  .  CiiHj),,  is  identical  with  dglucosazone.  d-Mtinnosoxime  melts  at  184'  (B. 
24.  699).  Nahccnt  hydrogen  converts  it  into  d  mannitol.  Bromine  oxidizes  it  to 
d  mannopic  acid.  Hydrocyanic  acid  causes  it  to  pass  into  d-mannoheptonic  acid 
(p.  567). 

^/e//ly/-l/^^fannosil/e,C^U^^(\.CU^y  melts  at  190°,  [a] ^^  =  +  79-2**  (B.  2g, 
292S). 

d-Maunose-eihylene  Mercaptal,  C^\^f)^  :  S^C^H^,  melts  at  153°  (B.  29,549). 

l-Mannose  results  when  1-niannonic  acid  (its  lactone)  is  reduced  (p.  566,  B.  23, 
373V  It  is  very  similar  to  the  preceding  compound,  but  is  lacvo-rotatory,  and  is  fer- 
mented with  more  difficulty.  Its  hydrnzone  also  dissolves  with  difficulty,  and  melts 
at  195°.  It  unites  with  two  molecules  of  phenylhydrazine  to  form  1-glucosazone 
(see  below).     It  becomes  1-mannitol  by  reduction.     M ethyl -l-mannoside  melts  at 

190°  ;  [«]  ^f  ^— 79.4°  (15-  29.  2929). 

[d  -1-  1]  Mannose  is  formed  (i)  by  the  oxidation  of  a-acrite  or  [d  -|-  1]  mannitol 
(p.  541),  which  can  be  obtained  by  the  reduction  of  synthetic  a-acrose  or  [d  -f-  1] 
fructose;  (2)  l>y  the  reduction  of  inactive  [d  -}-  I]  mannonic  acid.  It  is  quite  similar 
to  the  two  preceding  compounds,  but  is  inactive.  lis  hydrazone  dissolves  with 
difficulty,  melts  at  195°,  and  is  inactive.  Its  osazone  is  iglucosazone,  identical  with 
a-acrosazone.  Veast  decomposes  it,  the  d-mannose  is  fermented,  and  1-mannose 
remains  (li.  23,  382).  Methyl  [d  -f  1]  mannoside^  melting  at  165**,  is  obtained 
from  the  solution  of  equal  quantities  of  its  components  at  15^.  Below  8^  the 
com{x>nents  crystallize  out  separately  (H.  29,  2929). 


(2)  Glucose,  CgHj-^Oe,  is  probably  the  aldehyde  of  sorbite,  and 
occurs  as  dextro-,  la^vo-,  and  inactive  [d  +  1]  glucose  (p.  558), 

d-Glucose,  or  Grape  Sui^atj  formerly  called  dextrose^  occurs 
(always  with  fruit  sugar)  in  many  sweet  fruits  and  in  honey;  also  in 
the  urine  in  Diabetes  mellittts.  It  is  formed  by  the  hydrolytic  decom- 
position of  poly-saccharides  (cane  sugar,  starch,  cellulose)  and  gluco- 
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sides.  Il  is  prepared  on  a  large  scale  by  boiling  starch  with  dilute 
sulphuric  acid  (see  B,  13,  1761).  The  synthesis  of  grape  sugar  has 
been  made  possible  by  the  froduetion  of  glucose  in  the  reduction  of  the 
lactone  of  d-glucgnic  acid (^p.  566), 

Commercui]  grape  sugar  is  an  amorphous,  compact  mass,  conlsining  only  aboul  60 
per  cent,  glucose,  along  with  a  dextrine'Uke  substance  (gallesinc,  C,,Hj/Jj(),  which 
IS  nol  fermcDlable  (B.  17,  2456). 

The  best  melbod  for  preparing  pure  cryslallized  gtipe  sugar  consists  in  adding  to 
80  per  cent,  alcohol,  mixed  with  ^"1  'dlunie  fuming  hydrochloric  acid,  finely  putver- 
i>ed  cane  sugar,  as  long  m  the  taticr  dissolves  on  ihaking  (J.  pr.  Ch.,  ao,  344J. 

Grape  sugar  crystallizes  from  water  at  the  ordinary  temperature,  or 
dilute  alcohol,  with  one  molecule  of  water,  in  nodular  ma.sses,  melting 
at  86°;  at  110°  il  loses  its  water  of  crystallization.  At  30-35"  it 
crystallizes  from  its  concentrated  aqueous  solution,  and  from  its  solu- 
tion in  ethyl  or  methyl  alcohol,  in  anhydrous,  hard  crusts,  melting  at 
146°  (B.  15,  1105). 

Grape  sugar  is  not  quite  so  sweet  to  the  taste  as  cane  sugar,  and 
serves  to  doctor  wines. 

Aqueons  grape  sugar  is  deilro  rolalory  [n]„  ^  52.6°,  and  exhibit*  ii-rolataty 
power,  I.  i.,  the  freshly  prepared  solution  deviales  the  polariied  ray  almost  tnice  as 
strongly  as  it  does  after  standing  some  time.  At  ordiuaiy  temperatures  the  deiistion 
does  not  become  constant  until  the  cipiiation  of  twenty-four  bours,  whereas  when 
Ijoiled  it  does  so  in  the  course  of  a  tew  minutes.  The  change  in  rotation  is  due  to 
the  production  of  diHerent  oxide- mod iHcationi  (B.  38.  K.  461),  when  probahly  a 
non -asymmetric  carbon  atom  becomes  asymmetric  (i).  18,  30S1 :  ag,  303).  Further- 
more, the  specific  rotation  of  dextrose  is  appreciably  augmented  by  conccnlralion  (B. 
17,  2234).  This  is  dependent  upon  the  decomposition  of  more  complet  crystal- 
molecules  into  normal  molecules.  Thishasbeen  proved  by  determining  the  molecular 
weight  by  the  method  of  Raoult  (B.  31,  R.  50S). 

Grape  sugar  exhibits  all  the  proi)enies  of  the  aldoses  (p.  544). 
■•  and  ^-Phenylhydrazotte  melt  at  145°  and  at  116°  (li.  aa,  R.  66g). 

A-Gliicosazonem,>i\\s&X  145"  ;  the  ;S- variety  at  204-205°.  Its  aqueous 
solution  is  I  a  vo- rotatory.  //  may  also  be  prepared  fro 
and  dfruetose,  as  well  as  from  glucosamine  and  isoghit 
Concentrated  hydrochloric  acid  converts  d-glucosazone  into  phenyl- 
hydrazine  and  glucosene,  CiHipO,  (p.  546)  ;  which  regenerates  d-glu- 
cosazone  with  two  molecules  of  phenylhydrazine.  It  is  a  non-fer- 
,  menlable  syrup,  and  if  it  be  reduced  with  zinc  and  acetic  anhydride, 
is  converted  into  fruit  sugar  (^  d-fructose)  (B.  22,  88). 

When  grape  sugar  is  reduced  it  yields  d-sorbite,  and  when  oxidized,  d-gluconic  acid 
and  d  saccharic  acid.  An  alkaline  copper  solution  converts  it  into  (brmic  acid,  oxalic 
acid,  tattronic  add,  lactic  acid,  glyceric  acid,  and  pyrocalecbin  (B.  17,  K.  78S). 
Hydrocyanic  acid  changes  it  to  glucose  cirboxylic  acids  (p.  568),  and  lime  water  to 
SBccharonic  acid.  It  is  partially  changed  to  d-mumose  and  d-fructose  by  alkalies 
(B.  »8.  3078). 

Saccharates. — With  baryta  and  lime  grape  sugar  forms  sacchotates,  like  C,H„- 
O,.  CaO,  and  C,Hj,0,.  BaO.  Tliei,e  are  precipllated  hy  alcohol.  With  NaCI  u 
forms  large  crystals,  aC,H„0,.NaCl  -f-  H,0,  which  sometimes  separate  in  the 
evaporation  of  diabetic  urine. 
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Alkyl-d-glucosides. — The  glucosides  are  the  ethereal  derivatives  of  the  glnootes. 
Those  of  gra()e  sugar  particularly  are  freiuently  found  in  the  vegetable  kingdom. 
They  generally  contain  the  rebidue>  of  aromatic  bodies,  and  therefore  will  he  dts- 
cus>ed  later,  llie  simplest  glucosides  are  the  alkyl  ethers  of  the  sugars,  which  are 
produced  in  the  action  of  HCl  upon  alcoholic  sugar  solutions  (B.  a8,  II51). 
Fehling's  solution  and  phenylhydrazine  at  100°  do  not  affect  the  alkyl -d-glucosides. 
However,  they  are  decomposed  into  their  components  when  boiled  with  dilute  acids. 
These  properties  argue  for  the  alkylen-oxide  formulas  for  the  alkyl  glucosides  IB. 
a8,  308O. '•/••• 


OR 

[CHOH], 
CH,OH 


or 


a-  and  /3  Methyl  Glucoside,  C,H,jOj.CH,,  melting  at  165®  and  107**,  diflTer 
stereocheniically.  They  are  simultaneously  formed  in  the  action  of  hydrochloric  acid 
and  methyl  alcohol  upon  gra|>e  sugar.  The  a -body  is  decomposed  by  invertin,  bat 
this  is  not  the  case  with  the  ^compound  (B.  27,  R.  885;  27,  2479,  ^9^5  !  ^>  ^X45)- 

d  Glucose  Mercaptal,  CcI{„05(SC2Hj)j,  melting  at  127%  is  obtained  from 
d-glucose,  mercaptan,  and  liCl.  d-Glucose-ethylene  Mercaptal,  CjHj,,0.  :  S,C,- 
H^,  melts  at  143°.  d-Glucosc-trimethylene  Mercaptal,  CLHjjO^:  S,C,Hg,  melts 
at  130°.    d-Glucosebenzyl  Mercaptal,  C,H,j05(SCH, .  C5H5),,  melts  at  I33*>  (B. 

29»  547)- 

d-Glucose  Monacctone,  CjIi,(,Oj  :  C(CIl3),,  melts  at  156®. 

d  Glucose  Diacetone,  C'6H80<5[C(C]ls^,]3.  melts  at  107°  (B.  28,  2496). 

d-Chloralose,  melting  at  189°,  and  d-Parachloralose,  CgH,,CljOg,  melting  at 
227°,  are  two  isomeric  bodies,  produced  by  the  rearrangement  of  d-glucose  with 
chloral  (B.  27,  R.  471 ;   29,  K.  177K 

d-Acetochlorhydrose,  CgH7C)(C)C()CII,\Cl,  results  on  heating  d-glucose  with 
acetyl  chloride,  niul  has  been  employed  in  the  synthesis  of  d -glucosides. 

d-Glucosoxime,  CgHjjOjNOH,  melting  at  137°,  when  acted  upon  with  acetic 
anhydride  and  sotiium  acetate,  yicKls  |)entacetyl-d  glucono-nitrile  (p.  566),  from 
which  d-arabinose  was  isolated  (p.  536).  These  are  reactions  which  render  possible 
the  breaking -down  of  the  aldoses. 

({'Gtutosf-amii/o  j^uatiiJifte  Chloride^  CgIIj,Oe .  CN^H^ .  HCl,  melting  at  165®,  is 
obtained  from  d  j»luc()se  and  amido-guanidine  chlorhydrate  (B.  27,  971). 

ei-GIucose-alunifie,  Cll,On[CH  .  OH]^CH  :  N— N  :  CH[CH  .  OH]^CH,OH,  is 
very  hygroscopic  (B.  29,  230vS). 

1- Glucose  is  formed  when  the  lactone  of  1 -gluconic  acid  is  reduced.  It  is 
perfectly  similar  to  grajve  sugar.  It  melts  at  143°,  but  is  lievo-rotatory,  [a]^  = 
— 5 1.4°.  I ts  glucosazone  is,  however,  dextro-rotatory.  Its  diphenylhydratone^  CJ,Hj,- 
O5  :  N  .  NfCjHj),.  dissolves  with  difficulty,  and  melts  at  163°  (B'.  23,  2618). 

[d  -f  l]-Glucose  results  from  the  union  of  d-  and  1-glucose,  and  by  the  reduction 
of  [d  4-  l]-gluconic  lactone.  Phenylhydrazine  converts  it  into  [d  ■\-  XYglucasazimt^ 
CgH|o05(N'2H  .  QIIj^j.  This  may  also  be  obtained  from  i-mannose.  It  crystallizes 
in  yellow  needles,  melting  at  21 7-21 8®.  The  same  [d  -\-  1] -glucosazone  is  produced 
from  synthetic  a-acrose  ([d  -|-  l]-fructose),d-mannose, d-glucose,  andd-fructose  (fruit- 
sugar)  (B.  23,  383,  2620). 

Glucosamine,  CgH,,NOg,  is  produced  on  warming  chitine  (found  in  lobster 
shells),  germ  cellulose  of  Boletus  edulis^  with  concentrated  HCl  (B.  17,  243).     Nitric 


>cid  oniiliies  i[  Co  JMisaccharic  acid  (p.  571)  (B.  ig,  II57 :   20,  3569),  aad  nitrous 
acid  10  chilose  (II.  17,  I40).     It  furms  d-glucusozone  wiib  phenylhydfaztne. 

Clmaiamint-Oximf  Hydrochhridi,  C.H,,*  ),(NH,)(NOH)HCl.  metis  al  166°  (B. 

(3)  Qulose,  CHiOH(;CHOH],CHO  (space  formula,  pp.  SSS,  559),  the  second 
aldehyde  of  sorbite,  ii  likewise  known  in  its  three  modilicaticjiis.  They  are  foimed 
by  the  reduction  of  the  lactones  of  the  three  guloiiic  acids  (p.  566],  aod  by  fuitiier 
reduction  yield  the  sutbites.  They  aie  syrups  and  are  not  fermented  by  yeapl.  The 
name  gulosc  is  intended  la  indicate  their  lelatjonship  to  gluco&e,  the  hrsl  aldehyde 
of  sothite.  1-  and  [d  +  I]  GulBtr  J'AeHyliyJrasme  melts  at  I4j°.  X-Gulosazimi 
mells  at  156*.      [d  +  I]  Gulmawne  melts  at  157-159°. 

(4)  d- and  l-IdoBcs  areprepared  by  (he  reduction  o(  the  idonic  acids  or  their  lac- 
tones (p.  567).  They  yield  d-  and  l-idile  on  reduction  (p.  541)  (space  formula,  p. 
5581. 

15)  OalactoBc.  the  aldehyde  of  inactive  dukite  (p.  541  j,  formed  by  intramolecular 
compensation,  is  known  in  thiee  rarielies.  The  [d  4-  I]  galarlese.  melting  at  140- 
142''.  results  from  the  trduclinn  of  the  lactone  of  [d  -^  I]  galactonic  acid,  and  when 
f'TBicnied  with  beer  yeast  it  becomes  l-galaciose.  In pimylkydfaiani  melis  nt  158- 
160°  1  its  Dinicfif  at  3116°. 

l-Ca/ii'riii^, melting  at  162-163°  <"^^  P-  5 5 9) >)''•''''*  dulcilein  redaction,  and  mucic 
acid  when  It  is  oxidiied.     Its  phenylhydnuone  melts  at  15S-160')  Its  osuone  melts 

d-(7fl/uf/aiif,ClI,OH[CHOll],CHO,  melting  at  leC,  is  deHro  rotatory  and  fer- 
memable  (li,  11,  1573)  (see  also  p.  559:  B.  37,  383).  [(  is  formed  along  with 
U-glucose  in  the  hydrolysis  of  milk  sugar,  al  galatlili,  C^Hi^O,,  a  beautifully  crystal- 
lized body  (B.  ag,  896),  and  of  various  gums  (called  galactans)  (B,  ao,  (003),  which 
nitric  acid  oxidizes  to  mucic  acid.  In  preparing  it,  boil  milk  sugar  with  dilute 
sulphuric  acid  (A.  337,  3Z4l.  Dalcite  ii  formed  by  its  reduction,  and  galactonic 
and  mucic  acids  by  its  oxidation.  CNH  and  hydrochloric  acid  change  It  (o 
galactose  carboxylic  acid  (p.  $68).  a-  and  )9-MelbyI-d-galactoBlde  melt  at  111° 
and  173-175°.  Emulsion  decomposes  the  second  (B,  38,  1419).  Galacio- 
chloral  melts  at  201°  (B.  39,  R.  544).  Galactasamirie  (B.  39.  R.  594).  The 
oxiiHf  melts  at  175°.  The  aiaiBne  melts  at  193°.  Galactose  amidoguanidine 
chloride  (B,  38,1613).  The /of/nfc/i7 derivative  mells  at  143'  (B.  33,  2307).  The 
elhvl  mereaffal  meWi  aX  t2T>.     Tht  elliyltnt  mitrcahtal tdiXh  tX  149''  (B,  39,547)- 

(6)  d-TaloBB.  CH,OH[CH011],CHO.  is  formed  by  the  reduction  of  the  lactone 
rrf  diatonic  acid  (p.  567)  (B.  34,  3635),  Space  formula,  p.  559:  compare  B, 
"7.  383. 

1(71  Rharanoheiose.  Mrfhy!  Htieir,  CH,.  CHOH[CH0H]. ,  CHO,  meltiog  "' 
t8l°,  is  produced  by  the  reduction  of  rhamnote  carboxylic  acid.     The  oiawHi  melts 
^  3013°.     It  forms  methyl  heptonic  add  with  hydrocyanic  and  hydrochloric  acids. 
I.  Fructose,  CH.OHrCHOHlCO .  CH,OH,  occurs  as  d-,  1-,  and 
[d  +  1]  varieties. 

d-Fructose,  Fruit  Sugar,  L.aevulose  (sjace  formula,  p.  563), 
melting  at  95°,  crystallizes  with  difficulty,  and  occurs  in  almost  all 
sweet  fruits,  together  with  grape  sugar.  It  was  discovered  in  1847  by 
Dubrimfaiit.  It  is  fortned,  (1)  together  with  an  equal  amount  of  grape 
sugar,  in  the  decomposition  of  cane  sugar,  and  is  separated  from  the 
latter  through  the  insolubility  of  its  calcium  compound  {B.  28,  R.  46). 
As  fruit  sugar  rotates  the  plane  of  polarization  more  strongly  toward 
the  left  than  grape  siigar  does  to  the  right,  in  the  decomposition  of 
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acids  the  carboxyls  stand  above.     The  numbers  begin  above,  and  the  sign  -f-  or 

represents  the  {.x>sition  of  hydroxy],  e.  g.  : 

Grajve  Sugar,  d-Glucose  =  Hexanpentolal  -\ f-  -f-  (Formula  7'). 

d-Gluconic  Acid,  .    .    .   =  Hexanpentol  acid  -| \-  -\-  (Formula  7*). 

Fruit  Sugar,  d-Kructosc  =  Hexanpentol -2- on h  4-' 

In  the  case  of  symmetrical  structure, — as  it  exists,  for  example,  in  the  diacids  and 
alcohols  of  the  sugar  group, — there  is  no  favored  position ;  consequently,  presamiog 
that  the  numbering  invariably  proceeds  from  the  top  down,  we  get  a  doubled  iteric 
designation,  e,  g,  : 

d-Saccharic  Acid,     .    .    =  Hexantetrol  diacid  -j |--|-or 1 

Dulcite , =  Hexanhexol,  .    .     -| f-or 1--| 

Derivation  of  the  Space-formula  for  d-Glucose  or  Grape  Sugar,  the  most 

important  aldohexose.     The  following  relations  arranged  first  in  the  diagram  are  the 
basis  of  this  derivation  : 

d-GuIose   -<—  d-GuIo-1actone  -<—  d-Gulonic  Add 

I.  d-SorbiteJ:  ^ —  ~  ^^d-Saccharic 

d-Glucose^d-Glucono-lactone-<-d-Gluconic  Acid 

II.  d-Glucose >•  d-Glucosazone  -^ d-Mannose 

d-Mannite 


III.  d- Fructose 


■>■  d-Glucosazone 


d-Sorbite 


IV.  1-Arabite-^  — 


1-Arabinose 


V.  Xylite^— 


Xylose  — 


•yA,  l-Mannonic  Acid 

l-Arabinose  Carboxylic  Acid 


N  1 -Gluconic  Acid  • 
•^  I-Gulonic  Acid 

Xylose  Carboxylic 
Acid 


■>-  1-Glucose 
■>-  1-Gulose. 


Diagram  I  shows  that  d-glucose  or  grape  sugar  and  d-gulose  yield  the  same 
d-saccharic  acid.  Hence  it  follows  that  d-saccharic  acid  and  the  d-sorbite  corre- 
sponding to  it  can  not  have  the  formulas  (i),  (2),  (3).  (4)  (p.  558),  because  it  is  only 
the  hexiies  and  saccharic  acids,  (5),  (6),  (7),  (8),  (9J,  (lo),  which  yield  two  space 
isomeric  aldohexoses  each.  The  formulas  (7)  and  (8)  of  the  six  space- formulas  rep- 
resent by  virtue  of  intramolecular  compensation  optically  inactive  molecules,  which 
therefore  disappear  for  the  optically  active  d-saccharic  acid  and  d-sorbite. 

The  fact  that  d-saccharic  acid  and  d-mannosaccharic  acid,  d-gluconic  and  d-man- 
nonic  acids,  d-glucose  and  d-mannose,  d-sorbite  and  d-mannite,  only  differ  by  the  vary- 
ing arrangement  of  the  univalent  atoms  or  atomic  groups  with  reference  to  the  carbon 
atom,  which  in  d-glucose  and  d-mannose  is  linked  to  the  aldehydo-group,  makes  it 
possible  to  decide  between  the  image  formulas  (5)  and  (6),  (9)  and  (10) ;  for  d-  and 
1-saccharic  acid,  d-mannose  and  d-glucose,  yield  the  same  osazone  (diagram  II 
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above).     I-Arabinose  treated  wilh  hydrocyi 

bolh  l-roannOiiicorl-arabiDOsecarboxylicaci 

The  same  relalions  whicli  aie  observed  wii 

iialurally  with  their  image  isomerides 

Hire  of  d-mannite  and  d-sorbite  is  obtained  by  the  reduction  of  d  fnii 

tbal  d-sorbite  and  d-saccbacic  acid  possessed  the  space- fonnul as  (9) 

t(5)  CH,OH  (lo)  CH,OH 

H.C'.OH  HO.C.H 

H.C.OH  HO.ci:.H 

H.C.OH  HO.i.H 

HO.i.H  H.i* 


(iH,OH, 
and  also  d-mannoiaccharic  acid,  vould  have  the  foriDulas  (7)  or^S) : 
(7)  CH,OH  (S) 

H.C.OH 
HO.C.H 
HO.i.H 

CH,OH 

becauie  only  these  formulas  differ  from  (9)  and  ( 10)  e- 
meat  of  the  atoms  ot  atom  groups  wilh  n  ' 
nated  by  little  stars. 

However,  formulas  (7)  and  (8)  by  intramoleciilarcotnpc 
molecules,  coosequently  can  not   give   bacli   1 
d-maoDosaccbaric  acid. 

Thus,  ford-sorbitc  and  l-sorbite,  d-saccharit  acid  and  1-saccharic  acid  there  rt 
only  formulas  (5)  and  (6),  from  which  (6)  is  arbitrarily  selected  for  d-lorbite  and 
d-saccharic  acid,  and  (;)  for  1-sorbite  and  1 -saccharic  acid.      When  this  baa  been  done 
'    nail  further  arbitrary  selection  ceases;  now  the  formulas  for  all  optically  active 

npounds  connected  experiment  ally  with  saccharic  acid  are  regarded  as  established 
(B.  ay,  3117)-     Hence,  the  space  formula  (2)  falls  to  d-mannite  and  d-minoosac- 
charicacid,  and  formula  (l)to  l-mannilol  and  1-manuosaccharic  acid,  which  would  al 
give  formulas  [2')  and  (i'}  I0  d-  and  l-mannonic  acids. 

The  aldobexoses  (7')  and  (g>)  (p.  558)  correspond  to  d-sorbite  and  the  saccharic 
acid  wilh  space-formula  (6) ; 


(6)          CH.OH 

(7') 

CHO 

181) 

CH,OH 

{8')          CHO 

H.i.OH 

II.i.OH 

H.i.OlI 

HO . i .  H 

HO.i.H 

HO . i . H 

HO.C.H                "l; 

It'"          HO  ,  t .  H 

H.C.OH 

H.C.OH 

H.i.on 

"^                H.t.OH 

H.i.OH 

H.i.OH 

i!:h,oh 

H.C.OH 
CHO 

HO.  in 

iHiOH 

(d-Saccharic  Add). 

^^ 
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Id  order  to  obtain  the  MAjdt  group  at  tbe  top  of  the  fonnnlft  inugc,  formala 
(8>)  must  be  lumed  180°.  Tbit  conTeitiil  into  fonDD[s(8i),  and  the  sncccBioa  of 
the  alomic  groaja  allachMl  to  Ihe  aiymmetric  carbon  atom  ii  natnrallj  not  altered. 

The  choice  between  fonnulaf?')  and  (SM  for  d  glacMC  and  d-guloae  stilt  remaim. 
We  are  able  to  determine  ihii  if  we  can  telecl  out  the  apace -formulas  ibr  the  two 
image -i.wmendei — 1  glucose  ind  l-gulose.  Iliis  is  possible  with  a  premier  consid«im. 
lion  of  the  genetic  relalion  of  the  last  two  bodies  with  l-arabinose  and  xjlose,  at 
represented  in  diagrams  IV  and  V  (p.  560). 

Tbe  formulas  (5')  and  (6>)  of  (he  aldoheioset  correspond  to  the  fonnala  {5)  <d 
l-saccharic  acid.    {6')  when  rotated  becomes  (6'] : 


5)          CH,OH 
HO.C.H 

(5')         CHO 
HO.C.H 

(6^)        CH,OH                (6')         CHO 
~HO.ti.H                            H.ci.OH 

H.ti.OH 
HO . C .  H 

H.i.OH 
HO.C.H 

H.(i.OH     „.h,„           H.ti.OH 
HO.ti.H      """^'•°°      HO.ci.H 

HO.(':.H 

.     HO.(!'.H 

HO.(i.H                                H.cf.OH 

(!:h,oh 

CHjOH 

^HO                         <!;h,oh 

<]-5an:hBrJr  Acid). 

Remembering  thai,  according  to  diagram  IV,  page  560,  it  is  posuble  to  obtain 

d-glucose  from  lurabinose,  and,  according  to  diagram  V,  l-gulose  from  xylose,  then 
[he  pentoses  menlitined  must  have  Ihe  space -formulas  which  can  bederi»ed  for  formu- 
las (5')  and  {(>')  Ly  omitting  Ihe  Rnil  C*  Btoin.  becoming  asymmetric  in  the  synthesis  : 

CH.OH 

h.i:.oh 
■  HO . c .  h 
H.t.OH 

in-oH 

Xylite. 


CH,OH 
H.C.OH 
HO.C.H 
HO.i.H 

CH,OH 


(6")         CHO 

Clio 

H .  d:* .  OH 

H.i.OI 

H.i.O.I 

"=            HO.i.II 

HO.(!:.H 
H.C.OH 

H  ,  C  .  OI 

ti'H.O 
Xylose 

{S')          CHO 

HO.C».H 

CHO 

H.tii.on 

■< H.l!;.o^ 

HO.ti.H 

HO.ti.H 

HO.ci.H 

<!;h,oh 

HO.ti.H 

It  is  al  once  seen  that  the  aldopentose  corresponding  lo  formula  (6' )  most,  by  re- 
duction, yield  an  inactive  pentile- jj/iVc  (p.  534),  —through  an  intramolecular  compen- 
sation. Similarly,  the  pentose  with  formula  (j')  changes  to  an  optically  active 
pentite— Io™*iVr  {p.  534).  In  this  manner  is  fined  not  only  the  configuration  for  xylite 
and  xylose,  larabite  and  t-arabinose,  but  it  is  also  demonstrated  that  1-gulose,  from 
xylose,  has  the  formula  (6'),  and  1  glucose,  synlhesited  from  l-arabioose,  Ihe  space- 
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I  fonnula{s').  [S'jisiheinmgeformulBgfspace  f'jnnulii(6').  Tbii,lbcrefore,  belongs 
'  I  A-guiost.  Formala  (7')  corresponds  to  space* rormulB  (5'),  and  hence  il  belongs  to 
glucest.  From  all  tliiE  il  would  follow  ihal  d  and  l-mannoses  have  formulas  (2I) 
and  (l'),  which  fscls  conbrm  :  that  d-gtucose  and  d-mannosc  on  [he  one  hand,  and 
I-glncose  and  l-manno»eon  ihe  other,  pass  into  the  same  glucosaione — 1.  /.,  they 
differ  on)]'  in  (be  conliguralion  at  ont  Hsymmelric  C-atom. 

When  it  IK  remembered  tbnl  d  fructose,  by  reduction,  yields  a  mixture  of  d-mannile 
and  d -sorbite,  and  d-ElucosBioDe  on  trealraenl  wilb  pbenylhydraiine,  it  will  be  recog- 
Diied  thai  both  il  and  its  corresponding  d-arBbinose  must  have  the  space-fottoulas : 
CH,.  OH 

CO  CHO 

HO.C.H  HO.C.H 

H.i.OH  H.i.OH 

H.i.OH  H.i.OH 

(I:h,oh  {|:h,oh 


DERIVATION  OP  THE  CONFIGURATION  OF  d-TARTARIC  ACID. 

The  conbg^uration  of  d-tartaric  acid  is  evident,  according  10  E.  Fischer,  from  its 
production  in  the  oxidation  of  d-saccharic  acid.  The  formula  of  the  latter  has  been 
prcTiously  deduced  aboie.  It  is  in  harmony,  therefore,  with  its  formation  in  the  oxi- 
dation of  tneibyl  tetrose  (p.  52a) ,  a  decomposition  product  of  rhamnose.  The  latter, 
when  oxidiicd.  passes  into  l-trioxyglularic  acid.  Tbe  o-rbamnohexonic  acid,  obtained 
from  tbe  latter  by  tbe  hydrocyanic  acid  addition,  yields  mncic  acid  on  oxidation, 
and  (be  Utter,  on  similar  treatment,  changes  to  racemic  acid.  Assuming  that  the 
methyl  group  of  rhamnose  is  eliminaled  in  the  oxidation  of  rhamnohexonic  acid,  we 
would  hare  the  following  configurBtion- formula  for  rhamnose : 


1 


"Sf 


This  assumption  has  been  proved  through  the  behavior  of  the  stereo- isomeric 
;3-ihiimnoIiexonic  acid,  which  results  on  besting  n-ibamnoheionic  acid  10  140°  with 
pyridine.  All  experiences  go  to  show  that  the  two  stereo- isomeric  rhamnohexonic 
acids  only  dilfer  in  tbe  arrangement  or  position  of  the  carboxyl  group  in  direct  union 
wilb  the  asymmetric  cnrbon  atom.  Had  the  methyl  group  not  been  split  off  in  the 
oxidation,  but  merely  changed  to  carboxyl,  then  a-  and  ^-rhamnohexonic  acids 
would  have  yielded  ibe  some  mucic  acid  because  the  asymmetric  C-atom  linked  to 
carboxyl  in  a-  and  ^. rhamnohexonic  acid,  that  caused  tbe  difference  in  (be  two 
acids,  would  have  been  oxidised  to  carljoxyl.     ^Rhamnohexonic  add,  bowe»er. 


J 
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oiidiwi  to  l-Ulomucic  acid,  which  justilie*  the  pKcedioK  a 
quenllr  pro»ei  the  rhwnncae  confieunlioD,  eTen  to  the  poHt 
eaihon  »tom  linked  to  mclhyl. 

Wohli  procedure  peimili  of  the  cooTcnioD  of  rhunooic  into  methyl  t 
which  is  oiidiied  lo  dUTtaiic  «cid  by  nitric  scid.  Hence,  we  maj  inppoM  th«l  here 
the  melliyl  group  '•  »pli'  off  «»  i"  the  c4m  of  the  oxidalion  of  rhamnoae  to  l-trioiy- 
glularic  Kid,  «nd  of  a  rhunDoheionic  acid  to  mncic  acid.  Thii  then  demoaunllet 
ihe  configur«tion  of  d-t»rt«rie  acid  (R  39,  1377) : 

CHO  CO,H 

n.i.on  CHO  h.c.oh 

H.i.OH  H.i.OH  CO,H  _   HO.i.H 

HO.i.H  ^HO.i.H  *"     H.i.OH    "*"  H.t.OH 

?  CII.OH  ?  in.OH  HO.i.H  H.C.OH 


CH, 


Methyl 


in,  io,H  io-H 

hyl  TetToK  d-Tartarlc  Acid  d-SMxbanc  , 


4.   POLYOXYMONOCARBOXYLIC  ACIDS. 

A.  PENTAOXYCARBOXVLIC  ACIDS. 

These  adds  are  produced  (i)  by  the  further  oxidation  (by  means 
of  chlorine  or  bromine  water)  of  the  alcohols  and  aldoses  correspond- 
ing to  them;  (2)  by  the  reduction  of  the  corresponding  aldehydo- 
acids  and  lactones  of  dicarlioxylic  acids;  syntheiicaliy,  from  the 
aldo|icntoses  (aralnnose,  rhamnose,  p.  536)  by  the  aid  of  CNH,  etc. 
This  is  analogoiis  to  the  synthesis  of  glycollic  acid  from  foimaldehyde, 
and  eihidcnc  lactic  acid  from  acetaldehydc : 


Deportment. — Being  y-  and  Joxy-derivatives,  nearly  all  of  these  acids 
are  very  nnstable  whcD  in  a  free  condition.  They  lose  water  readily 
and  pass  into  lactones  (p.  342)  ; 


When  acted  upon  in  acid  solution  by  sodium  amalgam,  these  lactones 
(not  the  acids)  reabsorb  two  atoms  of  hydrogen,  and  are  converted 
into  the  corresponding  aldohexoses (E,  Fischer): 

C,H,„0, — J-  C,U„0, 

d-GluconiHactone  d-Glncoae. 


PENTAOXyCARBDXVLIC  ACIDS. 


ThEM  Bcidi,  when  acled  upon  i*i(h  phmylhydrBiine,  form  ch&ncleristic  ciyslil- 
X\at  phenylkydraiidei,  C,H„0,  N,H,.C,H5(B.  »a.  ^^^^).  They  are  resoNol 
inlo  ibeit  component*  when  boiled  with  nikilics.  They  ate  disiinguishcd  from  the 
h^drazones  of  ihe  aldehydes  and  ketooes  by  the  rtddish-vialil  coloration  produced 
upon  mixiDg  llifDi  wilh  cooceaUaled  sulphutic  acid  and  a  drop  of  ferric  chloride. 

Heated  to  130-150°  wkh  quinoline  or  pyridine  a  geomelric  re- 
arrangement ensues,  which  is,  however,  restricted  to  the  asymmetric 
carbon  atom  in  union  with  the  carboxyl.  It  is  a  reversible  reaction, 
and  therefore  yields  a  mixture  of  both  stereo-i somen des,  e.  g.  (B.  27, 
3193): 

->-  d-  and  l-Mannonic  Acid. 

>  1-IdonLc  Acid. 

>  d-Tolonic  Acid. 


d-Galactonic  Acid  H — 


These  acids  are  reduced  to  lactones  of  the  c  nionoxycarboxylic 
acids  (p.  345},  if  they  are  heated  with  hydriodic  acid  and  phosphorus. 

Isomerism, — Spacial  isomerides  of  pentaoxy-n-caproic  acid  are  as 
numerous,  according  to  theory,  as  the  aidohexoses  (p.  558),  i.  e.,  six- 
teen optically  active  and  eight  [d  -\-  I]  modifications,  which  are  inac- 
tive. 

Mannonic  Acid,  C^(OH),.  CO,H.  The  synip-lilte  acids— 
d-,  1-,  and  [d  +  l]-mannonic  acid— yield  d-,  1-,  and  [d  +  X'l-manno- 
saccharic  acid  on  oxidation  (p.  569).  They  change  to  lactones  on 
evaporating  their  solutions,  which  by  further  reduction  yield  d- 
mannile.  Vmannite,  and  [d  -|-  X\-mannite.  [d  -\~  X\-Mannite  is  identical 
with  a  acrite,  the  reduction  product  of  synthetic  a-acrose  or  [d  -j-  11- 
fructose.  .\s  [d  + 11  manniteor  a-acrite,  when  oxidized,  yields  [d  -f-lj- 
mannose,  ana  the  latter  by  similar  treatment  becomes  fd -f-'J-fi'i"- 
nonic  acid,  which  can  be  split  into  d-mannonic  acid  and  1-mannonic 
acid,  we  realize  through  these  reactions  the  complete  synthesis  of  all 
bodies  of  the  mannite  series  (p.  5S4)  '■ 

d-Minnltc  -^ —  d-Mannoie  ■* d-MaiinoDO-lactooe 

d-Minnoulc  Acid  -       -^  Manuoucchaiir 

-^Aci™e^«-Acrile-<— [ii  +  L]M«imOM-^—[d+l)  Mannonic  Acid— ^(d  +  L]Minnoijc- 

l-Mannile  -<~  I-Mbdrdsc   X 

l-Mannono-ladone.  "^    Mo-iSO^M-- +  54.8° 

[d  +  IJMaonc«.o-lacwne,(CHMO.),.     -     U9-iSS°. 

d-  and  VMannensphenylkydrazidt,  C,H||0,(N,H,  .  C,H.),  mclls  at  314-3160. 

[d  -I-  I]  MaHHonopkeHylhydraxidr  mclfs  atijul  ijo"  when  il  ii  rapidly  healed. 
The  hydrazidei  ue  convened  inlo  Ihe  a.cids  on  boiling  with  liaryta  water  (B.  as, 
3221).     This  reaction  is  well  adapted  for  the  puritication  of  the  acids. 

A  very  important  feature  is  that  a  partial  conversion  of  d-  and  l- 
mannonie  acid  into  d-  and  I-  gluconic  acids  occurs  on  heating  the  former 
to  140"  with  quinoline.  The  last  two  acids,  subjected  to  the  same  Ireat- 
ment,  change  in  part  to  d-  and  1-mannonic  acids. 
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Thii  melkod  of  preparing  d-  and  lghieoni{  aeids  shmtit  tk*  gem 
tonnettion  exiiUng  between  d-  and  Ig/utoie  and  the  manniu  series,  an^ 
thereby  renders  passible  the  synthesis  of  grafe  sugar. 

The  formation  of  l-maiinunic  acid  or  1-arabi nose- carboxy lie  acidi 
(together  wiih  l-gluconic  acid)  from  l-arabinose  by  means  of  hydror^ 
cyaiiic  acid  consiiluies  one  of  the  transitions  which  allows  of  the] 
synthesis  of  aldohexoscs  from  aldopentoses : 


^1  Mannono- lactone  - 

>-l-Glucoao-liiciODe    - 


rt-MionoaicAcid  - 

l*Anbiao«>:  J  I-A(«biiioK  Catbonyl 

ll'tiluconic  Acid     - 

Ghconie  Add,  CH,OH(CHOHj,CO,H,  is  known  in  the  d-,  1-, 
[d  -j-  n-motlifications  (H.  23,  801,  1614;  34,  1840). 

I .  The  lactones  of  these  three  acids  change  to  d-,  1-,  and  [d  -j-  l]-l 
gliK-ose  on  reduction. 

3.  By  oxidation  they  become  d-,  I-,  and  [d  +  1}  saccharic  acids. 

3.  When  heated  to  140°  with  quinolinc  thev  change  in  part  to  d-, 
I-,  nnd   [d  -|-  1]  mannonic  acids   (p.   566).    Conversely,  d-,  1-,  and 

Ed  -|-  1]  gluconic  acids  are  won  by  the  same  treatment  from  d-,  U,  and 
d  4- 1]  mannonic  acids. 

The  d- and  l-i)henylhydrazides,  C,H„0,CN,H,  .C.Hs),  melt  about  aoo" 
when  ihcy  arc  rapidly  heated,  while  the  [d  -\- 1]  phenylhydrazide 
nie!i«(it  190°, 

d-Gluconic  Acid,  Dextronie  Acid,  Maltonic  Acid,  is  formed  by  the 
oxidation  of  dextrose,  cane  sugar,  dextrine,  starch,  and  maltose  with 
chlorine  or  bromine  water,  and  is  most  readily  obtained  from  glucose 
(B,  17,  1198)  as  well  as  from  d-itiannonic  acid.  Gluconic  acid  fonns 
a  syrup  which,  when  evaporated  ur  upon  standing,  changes  in  part  to 
its  crystalline  lactone,  C,H,bO„  melting  at  130-135°-  Sodium  amalgam 
reduces  it  to  d-giucose  or  grape  sugar  {^.  23,  804).  Its  barium  salt 
crystallizes  with  three  molecules  of  water,  ihc  calcium  salt  with  one. 
The  acid  is  dextro-rotatory,  but  does  not  reduce  Fehling's  solution. 

FtnlaeUytelucoKBHiMlt.  C.H.1 0 .  C,H,0),CN  (B.  a6.  73°).      Dimtikyleme  G. 
fMit  Arid.  C,H,U,( :  CHjl,.  ftoJii  d-gluconic  acid  and  foimaldehyde,  mells  it  aio" 
(A.  ag*.  31). 

1-Gluconicacid  U  formed  (1)  from  I-manooaic  acid  (p.  566),  and  («)  logether  wii^j 

|. mannonic  Bcid  Tram  l-arabinoie  by  aid  of  CNtl.  i 

[d  -f-  n  Qtuconlc  Acid  is  furmed  upon  evaporating  (he  aqueous  solution  of  aj 
nixiurcol  A-  and  i-gtuconic  sclds.  lis  CDlcium  sail  dissoUcs  wiib  diiTicuily.  I  ' 
obtaincil    like   calcium    raccmnte    by   mixing   solulions  of  d-  and    1  gluconates 

Quloiiie  Acid.  CH.OHfCHOHJ.COjH.  is  known  in  three  forms,  which  become 
d-i  I-,  and  fd  4- 1]  laccharic  acids  [p.  569)  wlien  lliey  are  oiidized.  The  rednc- 
tioD  of  their  lactones  produces  d-,  1-,  and  [d  \  I]  g»loits  (p.  551}.  d-GM/ouic  add 
isobiained  by  reduction  of  both  glucuronic  acid  (p  56)i)  and  d-saccbanc  acid.  Tbt 
/iiiffHf  jntlls  at  l&Klgt°;  tbe fAttty/Aydratii/r  U  t47'l4S°  (B.  34,526).  l-CuUmie 
arid,  xylose  carboiylic  acid,  results  when  xylose  is  ucted  upon  vrilh  CNII.  This 
reiction  unites  also  the  aldopemoses  with  the  aldohexoses.  1-ldonic  add  is  produced 
tlmullanenusly,  and  when  heated  wiih  pyridine  changes  panjilly  (□  l-gulonic  acid. 
i-du/ana/arf^Hf  melts  at    185°.       The  phmytkydraadi  mells  at    147-149°  (B.  K%, 


I 
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i6z8  1  94,  SiS).  [d  -f  I]  Gulonic  Acid  leodily  changes  inlo  its  lactone,  wbich  bj 
crj'ttBlIiutian  if\i\i  into  d-  and  l-gulono- lactone.  Calcium  [d  4- 1]  gulonate  diunlves 
with  more  dilhcully  ihaa  calcium  d-  sad  l-eulonate.     The  p/unyiAydraUiit  melts  at 

I'ldonic  Acid  is  formed  togcLhct  with  l-gulonic  acid  from  xylose,  and  issepsraled 
b)'  mean;  of  its  brucine  salt  from  the  mother  liquoi  of  t-gulono-lacloiie.  Healed  with 
p^dine  to  140°,  it  chiuges  in  part  to  l-guloaic  acid,  and  i-ict  vtrsS.  l-Idose  is  its 
reduction  product  (p,  551).  A-IdonU  Afid,  obtained  from  d-gulonic  acid  by  meant 
of  pyridine,  yieidi  d-idose  on  reduction  (B.  aB,  1975). 

Galacionic  Acid,  CH,OH|;CHOH],CO,H,  is  linown  in  three  modifications. 
[d  -i-  1]  Calaclank  Acid  results  in  the  reduction  of  ethyl  mucic  eslet  and  also  of  the 
lactone  of  mucic  acid.  Its  [d  -\-  I]  tatlonc  melts  at  112-115°.  '"  phtnylhydrasi-li 
melts  at  205°.  This  acid  can  be  resolved  by  means  of  its  Blrychnioe  salt  into  the 
1-sall,  wbich  is  more  easily  soluble  in  alcoliol,  and  the  d-sall,  which  dissolves  with 
more  difficulty  (B.  35,  1356).  UCalaclanic  Acid  resembles  in  a  remarkable  degree 
the  well-known — 

d-OaUctonic  Acid,  Lachnit  Acid,  CH,01I[CH0H],C0,H.  which  is  produced 
from  milk  sugar,  d-galactose,  and  gum  arabic  by  the  acticin  of  bromine  water.  It  can 
be  converted  into  d-talonic  acid,  and  then  be  prepared  from  the  latter.  It  cryalalllies, 
and  prolonged  healing  to  100°  converts  it  into  the  corresponding  lactone.  C^H^O,, 
melting  at  90-92°.  which  combines  with  water  to  C,H,„0,  +  H,0,  melting  at  64- 
6s»  {A.  a?!,  83).  CaUium  Salt.  (C,H||0,l,Ca  -1-  5H,0.  \\i phtnylhyJriaidi  raelto 
at  300-105°.  ^>odium  amalgam  causes  the  lactone  to  reven  to  d-galactose.  It  yields 
mucic  acid  on  oxidation  with  nitric  acid.  The  amide  melts  at  172°.  The  anilidt 
melts  at  210°  (B.  aS,  R.  6o6). 

d-Talonic  Acid,  CI1,CH[CHOH],CO,H.  results  together  with  oxymethylene 
pyromucic  acid  on  beating  d-galactonic  acid  with  pyridine  or  quinoline  to  140-150°. 
Conversely,  d-galactonlc  acid  js  obtained  from  d-talonic  acid  by  the  same  treatment 
(B.  27,  1526).     Reduction  changes  it  to  d-lalosc  {p.  551), 

Chitonic  Acid  is  pmduced  when  H CI -glucosamine  (p.  550)  is  changed  to  thitose 
by  means  of  silver  nitrite,  and  this  non-isolated  intermediate  product  is  afterwards 
oxidized  with  bromine  water  {B.  17,  140). 

a-RhamnoBe-catboxylic  Acid,  CH,{CH.OH),- CH<^q  jj,  is  made  from  j 
rhamnoie  by  action  of  CNH,  etc.    TheAw/iwf,  C,Hi,0,.  melUHtifia-iBB"  (B.  «, 
1173).     l\& pAtnylhydraiide,  C,H|,0, .  N,H,.  C^H,,  melts  about  aio"  (B.  88.1733).  . 

When  the  acid  is  heated  with  hydrlodic  acid  and  phosphorus,  it  is  reducxd  to  I 
normal  heplylic  acid.  Sodium  amalgam  converts  the  [oclone  into  melhylAtxose  (B.  1 
23'  936)-  Mucic  acid  is  its  oxidation  product  (B,  47,  3S4).  Healed  to  150-155°  1 
with  pyridine,  it  is  partly  changed  to  ,i  rhamnost-carboxytic  acid.  The  lactone  of  the  1 
latter  melts  at  134-138°,  and  the  ^icjivMci/rDiiAat  170°.  When  oxidiied  the  ^  " 
is  converted  into  l-lalo-mudc  acid  (p.  571). 


1.  ALDOHEXOSE  CARBOXYLIC  ACIDS,  HEXAOXyMOHOCARBOXYLICACIOa.   I 

Acids  of  [his  kind  have  been  obtained  Trotn  d-glucose,  d-mannose,  I 
d  galactose,  and  d-fructose  by  the  addition  of  hydrocyanic  acid,  and  ] 
the  subsequent  saponification  of  the  niirile  with  hydrochloric  acid. 

(1)  Mannoheptonic  Acid  is  known  in  three  modifications: 

d-Mannoae-carbozylie  Acid,  A-MannBheplanie  Acid,  CH,OH  .  [CHOH]^.- 
CO,H,  is  obtained  from  d-mannose  (A.  272.  197).  Its  pHenylkydrasidi  (see  above) 
melts  about  230°  with  decomposition.  Its  ladpni  melts  at  148-150°.  Sodium 
amalgam  reduces  the  lactone  lo  d-raannohcptosc,  C,HnO,,  and  then  to  the  hcpta- 
hydric  alcohol  persette,  C,II„n,  (B.  23,  936,  2J26).  llydriodic  acid  reduces  the 
""  '  to  heplolactiine  and  heptylic  acid  (see  above  and  B.  21,370).      When  onidiied 


I 
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it  ryelit  I  pentuirptmelie    Mid   (A.    S71,   194).     IMtnmmt  Cart*iylie  Add  il 
obuJDcd from  1  mtDnoH,     Iu/4m/M)Wrdtitf^ melts  about  zv^\  iU/wMihm  ijj-  _ 
■54*      (^  4-  n  Maoootccuboij'iicKidUfoniicdfroin  d- ind  l-cuntuxc  cartwifCc'l 
acid,  «s  well  BsTiom  [d    f  I]  manaiMe  (A.  171,  184).  T 

(t)  a,  dOlucoae-caiboiylic  Acid.  a.A.-GUitkffieiic  Add,  CH,OH[CHOH],-  L 
0(1,11,19  Ibrmnlill  tiigelber  wiihthc^-addtremd-elucote  :  (3)ou  besting  (be  0-aiid  I 
ta  t40^  wilb  (lyndinc;  (J)  by  tbe  hydrolvsis  of  lactise-  and  mallose-cuboiyltcaciikrl 
(pp.  575.  576*  (A.  17".  »»)•     The  lacloue  melts  about  145".     Itydilodic  a  "" 
reducet  it  to  heptolacione  and  nomial   heplylic  add.     Sodium  amalgaai   r«d>. ._ 
■he    lactone   lo   dtxirthfplost    (dgtucobeptotc).        Tbe  a,A'phtnylhydnitidt  mcltt  I 
at  171'  {B.   ig,  19I61  13,  936;  ipace-fonnula,  A.  470,  65).     i-P«nl»oiypiB>eriCi| 
acid  (p.  571)  U  foniied  wh«n  dcitroM-caiboxylic  acid  is  oiidiied.    p,A-GUu»u- 
e.iritjylii  Aiid  is  fbrnied  togetbet  with  tbe  a-acid  from  glucose.     Tbe  fhtnylhjilrti- 
■'.// tnells  at  150-151*.    Its /nrAnw  melts  at  isi-i;!",  aad  jields  &,  d-glocoheptose 
on  raduellon. 

a.  d-OaJBCtaie-carboxyUG  Acid,  a-  Galahtftimk  And,  CH,0fI[CHOH]aC0,H. 
is  produced  together  with  0-galalitflBHu  aH4  rrom  galidose.     Tbe  acid  mcUs  al  J 
■■is",  and  parses  into  its  luclettf,  meriting  at  150°.     Sodium  anulgam  changes  it  into  I 
a-enla-heplQse  (p.  SS3}-     When  oxidiied  it  yields  carlxixy-d-gidactoDic  acid  (p.  571)  1 
(A.  a88.  39). 

d  Fruciose-(»rboxyUcAcid.Cn,OH.[CIIOH],C(OH)(CO,H)CH,OH.i» 
lained  tern  (ructojE  or  Isevulose  bj  tbe  action  of  bydrocyaaic  acid.  It  yields  It . 
bydroiybulane  tricarboxylic  acid  when  it  is  oiidiied.  Its  /aeteui  melts  at  130",  ■n^'l 
when  reduced  wi'h  sodium  amalgam  two  aldohcploiai  with  branched  C-chains  resuttil 
(B.  S3, 93;)-  Reduction  with  hydriodic  acid  forms  heptoUctoue  and  beptyh'c  acid,  J 
C,H„CL.  The  latter  is  identical  with  methylntmiial  butyl  acetic  acid  (p.  249).] 
Heoce  It  is  evident  that  lamlvie  is  ^ietetK-alcfM{Vi\\iaai,Z.  ig,  19141  13i45i;' 

C.  ALDOHEPTOSB  CARBOXYLIC  ACIDS,  HEPTAOXYCARBOXYUC  ACIDS. 
d-Manno-octtmic  Acid,  CH.OH  [CHOHl.CO.H,  has  been  obtained  from 
d-mannoheplose.  Its  hydratiJe  melts  al  243°.  Tlie  lacloiu  bos  a  neutral  reaction, 
■  sweet  taste,  aod  rnelu  about  16S',  By  reduction  it  forms  d- ma nnoclose  (p.  553 1. 
a-  and  ^-Gluio-eilenolailpaf  mell  at  145°  and  186"  (A.  370,  93J.  a-Gala-oaent 
tactant,  from  a-galabeplose  (.\.  aSB,  149),  tnclts  a<  210-113°. 

D.  ALD0-0CT08E  CARBOXVLIC  ACIDS,  OCTO-OXYCARBOXYLIC  ACIDS. 

d  Manno-nononic  Acid,  CH  OtI[CHOH].CO,H,  has  l»en  obtained  iron 
d-manno-oclose.  Its -f.vi/roiifd'?  melts  about  154°.  Its /m/wdc  melts  at  176°.  Wbei 
reduced  it  forms  d-manno-nonosc. 


I 


5.  TETRAOXY-  AND  PENTAOXYALDEHYDE  ACIDS. 

d-Gluciuonic  Acid.  CHO.  (CH.OH),.cn,H.  is  obtmned  by  decomposiag 
eoiantbic  acid  (see  this)  on  boiling  with  dilute  sulphuric  acid.  Various  glucoside-likc 
compounds  of  glucuronic  acid  with  camphor,  borneol,  chloral .  phenol,  and  dlfferEnl 
otbet  bodies  (B,  ig,  2919,  R.  761)  occur  in  urine  after  the  introduction  of  these  com- 
potinds  into  the  animal  oi^nism.  In  this  change  the  substances  mentioned  combine 
with  thealdehyde  group  of  grape  sugar,  the  primary  alcohol  group  of  which  islhenoxid- 
iied.  Bailing  acids  decompose  them  into  theii  components.  Glucuronic  add  is  ■ 
syrup,  which  rapidly  passes  into  tbe  lactone  C,HjO,  on  wanning.  The  latter  consists 
of  Urge  plates,  of  sweet  taste,  melting  at  175-178°  C.  Rromine  water  oiidiies  it  In 
saccharic  acid.     It  also  appears  that  when  saccharic  acid  is  reduced  glue  ' ' 


I 
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decompoics  with  wall 


I 
I 


teiulw  (B.  a3,  937),  and  by  reduction  d-gluc 
posUioa  of  the  aldehyde  group  In  campfaor-glucuroDic  a 
esUblished.      UrockloralU  Aiid.  C^M^fXp^,  nielling  al 

aUocpdon  on  boiling  with  dilule  hydrochloric  or  suiphunc  rciq  into  glucuronic  acia 
■od  irichlorelhyl  alcohol  (p.  1251.  Uroiutylihloralk  Acid,  C|.H.,CI,0,,  decom- 
poses, like  the  preceding  body,  into  glucuronic  acid  and  aa/?-tnchlorbutyl  alcohol 
(p,  ia6). 


I 


o  cartxixy-gilactomc  acid  (p.  571). 


6.  POLYOXYDICARBOXYLIC  ACIDS. 
A.  TBT  R  AOX  y  Die  AR  BOXY  Lie  ACIDS. 

These  are  obtained  by  the  oxidation  of  various  carbohydrates  with 
nitric  acid,  and  are  readily  prepared  from  the  corresponding  mono- 
carboxylic  acids  upon  oxidation  with  nitric  acid.  Mannosaccharic 
acid,  the  saccharic  acids,  and  the  raucic  acids  are  the  most  important 
representatives  of  the  series.  Gluconic  acid  yields  saccharic  acid, 
galactonic  acid  mucic  acid,  and  mannonic  acid  mannosaccharic  acid. 
Their  lactones,  by  very  careful  reduction,  can  be  converted  into  alde- 
hyde oxycarboxylicacidsand  oxymonocar  boxy  lie  acids.  When  reduced 
by  HI  and  phosphorus  the  preceding  acids  are  converted  into  normal 
adipic  acid,  C,H8(C0,H),;  hence  all  of  them  must  be  considered  as 
normal  space- isomeric  tetraoxyadipic  acids.  Theoretically,  len  simple 
and  four  double  modifications  are  possible.  All  the  tetraoxyadipic 
acids,  when  heated  with  hydrochloric  or  hydrobromic  acid,  change 
more  or  less  readily  to  dehydromuric  acid  (B.  34,  2140). 

(i)  Mannosaccharic  Acid,  CO,H[CHOH],CO,H.  is  known  in 
three  modifications  (space-formula,  p.  SS^),  which  pass  into  double 
lactones  when  they  are  liberated  from  their  salts.  They  also  result 
upon  oxidizing  the  three  mannonic  acids  with  nitric  acid  fp.  565)- 

i'd  -)-  I]  Mannemcchnro-lactime,  C,HjO,,  melts  with  decomposilion  al  igo".  It 
onned  by  the  union  of  d-  and  1  mannosnccharo-laclone,  ami  also  from  [d  -f  '] 
manno-iactone.  Its  diamidt  melts  at  183-185°.  Its  dihydraiidt  melts  at  220-225* 
(B-  »4.  545)- 

A-MaHtiBsaccharo-laetnne,  C,H,0,  -(-  2H,0,  melts  with  decomposition,  when 
amhydroQS,  al  lSo-l92°,  It  is  produced  when  d-mannite,  d-mannose,  and  d  man- 
nonic acid  arc  oxidized  with  nitric  add.  Its  Mamide  melts  al  189°.  Its  dikydratuli 
mBltaal2l4''(B.  34,544)-  Mflaiaccharic  Acid,Z^f>,-^  2H,0,  mellsat  68°  :  when 
anhydrous,  at  lSa°.  It  is  produced  when  l-mannonie  acid  and  the  lactone  of  1-ara- 
binoie  Carlmxylic  acid  are  oxidiied  (B.  ao,  341,  27I]).  Its  diamidt  melts  al  189- 
190".  Its  dihydratidt  melts  at  2I2-213''.  Diailyl-l-mannoiatikaro  lactont  melts  M 
155"  (B.  ai,  142a  i  aa,  525  ;  14,  541). 

(2)  d-  and  Mdosaccharic  Acids  are  syrups.  They  arc  obtained 
by  oxidizing  the  corresponding  idonic  acid  (p.  567). 

(3)  Saccharic  Acid,  C0,H[CHOH],C0,H.  exists  in  three  modifi- 
cations (space -form  111  as,  p.  558);  of  these  the  d-saccharic  acid  is 
ordinary  saccharic  acid. 

4S 
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[d   f  1]  Sa((hark  Add\%  ibnned  hj  the  oxidatioo  of  [d  +  I}-clwnMc  add.     Ito 
m/in/^i'HAMiuni  mIi  U  formed  oo  mixing  folatioos  of  cqul  <|Mnririri  of  ^ke  d- 
1  aaJi.     It«  dihydraudt  melu  ftt  2lo<^  (B.  33,  2622). 


Ordinary,  or  d-ftaccharic  acid,  results  in  the  oxidation  of  _ 

(\S.  21,  K'  472)t  d-glucrjse  (grape  sugar),  d-gluconic  add,  and  manj 
fjirtKih yd ratcH  with  nitric  acid ;  also  from  the  action  of  bromine  wmter 
u\fim  glur;uronic  acid. 

ft  forrrift  a  dclir|uc«t^:ent  mass,  readily  soluble  in  alcohol.  If  the  pore, 
syrupy  a/;id  Ih?  allowed  to  stand  for  some  time,  it  changes  to  its  ays- 
tailing  la/:toriic  acid,  C«H«0„  which  melts  at  130-132^.  It  changes  to 
gliiciirr>nic  acid  when  reduced  with  sodium  amalgam.  Hydriodic 
anfl  rrrdurcH  it  to  ad i pic  acid.  When  oxidized  with  nitric  acid, 
drxtro-tartaric  acid  (H.  27,  396)  and  oxalic  acid  are  formed. 

'Vh9  primary potaitiym  salt,  C,H,KO^,  and  ihc  ammonhtm  saJt^  C^H^NH^XV 
di«kilv«  with  difficulty  in  cold  water.  Vhc  die/Ay/ ts/tr  is  crpuHUMie.  Tht  amide 
in  a  whltn  iHiwdirr.  The  tetra-acetate  melts  at  6l^.  Acetyl  cbkxide,  actmg  iipoo 
U¥M  MtxharW:  «r  id,  c//nverti  it  into  the  lactone  of  diacetyl-saccharU  acid^  QJA^f^.  C^. 
n|/))|^>4,  rnrlting  at  188".  Mottomethylene  Saccharic  Acid  (A.  29a,  40).  lis 
dtumidt  i«  a  white  fiowder. 

It*  dihydratidt  rneltft  at  2\cP  with  decomposition  (B.  ax,  R.  186). 

1  S4$ifh(irn  tttid\%  obtained  upon  oxidizing  1-gluconic  acid  with  nitric  add.  It  is 
f\\%\im  %imiUr  to  d  ttarcharic  acid,  but  is  berorotatory.  It  also  fonns  a  ^(;i/«^>«ni^, 
ffirliing  at  214''. 

(.\)  Mucic  Acid,  CO.HrCHOHJ.COjH,  Acidum  mucicum,  corre- 
npoiidn  ill  constitiiliori  to  cJiiicitol.  It  has  the  space-formula  No.  7 
M'-  ^V))'  '  ^^•'^  ^^  ^^^"^  evident  from  its  yielding  racemic  acid  on 
oxidttiion,  and  from  the  fact  that  it  is  formed  when  a-rhamnose  car- 
hoxylir  arid  Ih  oxidized  (p.  567  ;  B.  27,  396). 

It  it*  alv)  obtained  in  the  oxidation  of  dulcitol,  milk-sugar  (Prepara- 
ti'iti,  A.  227,  224;,  d-  and  1-galactose,  d- and  1-galactonic  acid,  and 
nearly  all  the  gum  varieties. 

it  in  a  white  crystalline  powder,  almost  insoluble  in  cold  water  and 
alcohol.  It  melts  at  210°  with  decomposition.  When  boiled  for 
some  time  with  water  it  passes  into  a  readily  soluble  lactonic  acid, 
(!,H,0,,  formerly  designated  paramucic  acid,  d-saccharo-lactonic  acid 
(\i.  569 ;  H.  24,  2141). 

R<!(liietion  changes  this  muci-lactonic  acid  into  [d  +  l]-galactonic 
acid  (p.  567:  H.  25,  1247). 

Miicic  acid  heated  to  140**  with  pyridine  becomes  allomucic  acid, 
from  which  it  can  be  reformed  under  similar  conditions. 

The  ready  conversion  of  mucic  acid  into  furfurane  derivatives  is 

rather  remarkable.     Digestion  with  fuming  hydrochloric  or  hydro- 

bromic  acid  changes  it  to  furfurane  dicarboxylic  acid  {dehydrcnnucic 

acid) : 

CO,H 
CH(OII) .  CH(OH) .  CO,H     CH  =  C^ 
I  =1  >0         -f3H,0. 

CH(OH) .  CH(OH) .  CO,H     CH  =  C. 

^CO,H 
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When  mucic  acid  is  heated  alone  it  splits  off  carbon  dioxide  and 
becomes  furfurane  monocarboxylic  acid  (pyromucic  ariii')  : 

C.H,(OH).(CO,H),  =  C.H,0 .  CO,H  +  3H,0  +  CO,. 

Heated  with  barium  sulphide  it  passes  in  like  manner  into  a-thio- 
phcDc  carboxylic  acid  (B.  i8,  457). 

Pyrrol,  NH„  CO,,  and  water  are  produced  when  the  diammonium 
salt  is  heated : 

C;H,(NH,),0.  =  C.H,NH  +  NH,  +  iCO,  4  4H.O. 

and  dissoUe  wiih  difficully  in  cold  wnier ;  ihe  primary  sallt  dissolve  readily.     The 
silMr  sail,  C,HgAg,Oj,  is  an  insoluble  precipilale. 

The  diflhyl titer  mc\Ks  at  158".   'Vhelflra-aeetiittTat\\%  «  177"  (B.  ai,  R.  186). 

Sec  p.  467  for  Ihe  aciloti  of  PCI,  upon  mucic  acid. 

(5)  AllomucicAcid,  C,H„Oj.niellsat  166-171',  is  optiMlly  inactive,  and  mOTC 
soluble  Ihaii  mucic  acid,  from  wtaicb  it  is  obtained  on  besting  with  pfridioe,  and  into 
which  it  »l30  passes  (sec  mucic  acid)  (B.  24,  1136). 

(6)  Talomucic  Acid,  CO,H[CHOH],CO,n,  is  known  in  two  space-isomcric 

^-Tahmucic  And.  mcXWng  with  decomposition  al  158",  and  resulting  Trom  the 
taidalion  of  d-Ulonic  Bcid  (B.  24.  3625). 

l-TahiHuiiiAciJ,  prepared  by  onidizing  ;?-rhimno)e  carboxrlic  acid  (p.  567) 
(B.a7.384). 

(7)  IsoSBCcharic   Acid,  CO,H.  tn.  CH(OH)OCH(OH| .  {!:H.  CO,H,  resulu 
from  HCl-glucosaroine  (p.  550)  upon  oxidiiing  il  with  nitric  acid  (B.  tg,  1258).     It 
melts  at  185",     lis  solution  is  dextrorotatory  ;  (u)„  =  +  46.1'*.    llie  acid  itself  and 

This  is  evident  from  the  constitution  formula  of  the  acid.    Other  derivatives  should 
be  referred   to  isosaccharic  acid  4-  H,0-Ihit  is,  to  letraoiyadipic  acid,  and  they 
are  described  as  derivalivesof  ooriso-saccbaric  acid;   for  c sample,  ^k  dirlkyl titer,     ^_ 
CH,0,(C,H,)„  melting  at  73".  which  changes  in  the  desiccator  to  the  ditl/iyl  tUtr   ^ 
of  isosacchanc  acid,  C,H,0,(C,Hj),.  melting  at  101°,                                                      ^1 
Itit  diattlylisDiaKharit  tiler  m<^■a  A  1,^"  (^.  a?.  118).                                             ^1 

H                                     B.  PENTAOXYDICARBOXVLIC  ACIDS.                               H 

Pemaoiypimelic  Acid.  Heptanpentot diaeid,  CO.H  .  [CH  .  OH].CO,H,  is 
produced  In  the  oiidatioii  of  glucose  carboxylic  acid  with  nitric  acid.  The  lattuHt  is 
crystalline,  and  mells  at  143°  (B.  ig.  1917). 

n-Carboiy-ealacionic  Acid,a.Ca/«*?/i/o«/™/o/Zlw«rf,CO,H[CHOH],CO,H. 
is  formed  in  the  oxidation  of  gBlactose-cart«fxy1ie  acid  with  nitric  acid.  It  dissolrei 
with  diflicully  in  water,  crystalliaes  in  plates,  and  melt*  al  171°  with  decomposidon. 

^-Galahepunpeotol  Oiacid,  from  ^-galaheptonic  acid  and  nitric  acid,  IS  a  syrap 
(A.  3S8.  ISSI- 

Oiyketone  TetracarboxyHc  Acids:  Elhyl  Oxala  -  eilro  -  lactam  Ester, 
^m          CQ,R      CO,R    CO,R                                                                                                         H 

^H        CH C CH„   boilingat  210°  (30  mm.).  is  obtained  from  ojalaceUc  eslw    H 

H    <^o,co(!)                                                     1 

^F         through  the  aldol  condensation  anil  lactone  formation  [A.  3g5,  347).                             ^H 
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Diketo-tetracarbozylic  Acids :  Ethyl  Dlozalotuccinic  Ester, 
CO,R .  CO .  CH .  CO,R 
nr\  t>    nr\   Au    nr\  n*  '^"^^  0°  condensing  succinic  ester  and  oxalic  ester  with 

sodium  ethylate.  When  distilled  under  greatly  reduced  pressure  it  loses  carboo 
monoxide,  and  becomes  ethane  tetracarboxylic  ester.  When  it  is  separated 
by  means  of  sulphuric  add  from  its  disodium  compound  it   changes  to  Etkyi 

COR    c  —  C^^^*^ 
Dioxalo'iuccinolactofu  Ester,         ^^^^ '  V  ~    >0'     » inkling  «« 89®  (A.  S85, 1 1). 

CO,R  .  CO .  CH  .  CO 


CARBOHYDRATES.* 

This  term  is  applied  to  a  large  class  of  compounds,  including  the 
natural  sugars,  widely  distributed  in  nature.  They  contain  six,  or  a 
multiple  of  six  carbon  atoms.  The  ratio  of  their  hydrogen  and  oxy- 
gen atoms  is  the  same  as  that  of  these  elements  in  water. 

Most  of  the  carbohydrates  have  their  origin  in  plants,  although 
some  are  produced  in  the  animal  organism.  Those  which  occur  in 
the  vegetable  kingdom  meet  with  the  most  extensive  application. 

Carbohydrates  serve  for  the  preparation  of  alcoholic  drinks  (p.  122). 
Starch  is  the  chief  ingredient  of  flour  from  which  bread,  the  most  im- 
portant nutrient,  is  made.  It  is  found  stored  up  in  potatoes  and  grain 
fruits.  Cellulose,  related  to  it,  is  the  principal  constituent  of  wood, 
and  is  aj)|)lied  in  paper- making  and  for  the  production  of  explosives. 
The  carbohydrates  in  conjunction  with  the  albuminoids  constitute  the 
most  im|)ortant  compounds  for  man. 

Their  molecular  magnitude  is  the  basis  of  their  arrangement  into 
these  classes : 

Monoses,  or  Monosaccharides, 
Saccharobioses,  or  Disaccharides, 
Saccharotrioses,  or  Trisaccharides, 
Polysaccharides, 

The  monosaccharides,  including  grape  sugar  and  fruit  sugar,  have 
already  been  discussed  in  connection  with  the  hexahydric  alcohols, 
of  which  they  are  the  first  oxidation  products  (p.  542). 

Nearly  all  of  the  naturally  occurring  carbohydrates  are  optically 
active;  their  solutions  rotate  the  plane  of  polarization.  The  specific 
rotatory  power  is  not  only  influenced  by  the  temperature  and  con- 
centration of  their  solutions,  but  very  frequently  also  by  the  pre- 
sence of  inactive  substances  (B.  21,  2588,  2599).     Some  represen- 

*  "  Kohlcnhydrate,"  von  B.  Tollens.  *'  Die  Chemie  der  Zuckerarten,"  von 
E.  O.  von  Lippmann,  II.  Auflage,  1895.  '*  Die  Chemie  der  Kohlcnhydrate  und  ihre 
Bedeutung  ftir  die  Thysiologie, "  von  E.  Fischer,  1894. 


DISACCH  ABIDES. 

tativcs  also  manifest  the  phenomena  of  birotation  and  semirotation    ' 
(p.  549).     Constant  rotation  is  generally  attained  by  heating  the  solu-  1 
lions  for  a  brief  period.     The  de term i nation  of  the  gyratory  power 
of  the  cartxjh  yd  rates  by  means  of  the  saccharimeler  serves  to  ascer 
tain  their  purity,  or  for  ihe  determination  of  their  amount  when  dis 
solved :  optical  sugar  test,  saccharimetry  (p.  574). 


I 
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A.  DISACCHARIDES,  SACCHAROBIOSE5. 
Disaccharides,  consisting  of  two  molecules  of  glucoses  or  monoses   ] 
(p.  549).  hence  termed  Hoses,  have  up  to  the  present  only  been  known 
with  thehexoses,  C,H„0,.     Their  formula  would  therefore  be  C„H„0||. 
By  the  absorption  of  water  they  are  resolved  into  two  molecules  of  the 
hexoses : 

CuH„0„  +  H,0  =  2C,H„0,. 


This  reaction  is  known  as  hydrolytic  decomposition  or  hydrolysis. 
The  higher  carbohydrates  are  also  capable  of  undergoing  this  change. 

The  constitution  of  the  disaccharides  indicates  that  they  are  ether- 
like anhydrides  of  the  hexoses.  The  union  is  effected  through  the 
alcohol  or  aldehyde  groups.  Milk  sugar  and  maltose  also  contain  the 
aldose  group,  CH(OH) .  CHO,  because  they  reduce  Fehling's  solution 
upon  boiling,  form  osazoneswilh  phenylhydrazine,  and  when  oxidized 
with  bromine  water  yield  monobasic  acids,  C„H„0,„  lacto-and  mallo- 
bionic  acid  (p.  576)  (B.  21,  2633  ;  22,  361)- 

Cane  sugar  does  not  show  reducing  power  and  does  not  yield  an 
osazone.  The  reducing  groups  (of  grape  sugar  and  fruit  sugar)  ap- 
pear to  be  combined  in  this  compound. 

The  osazones  of  some  of  these  sugars  split  off  glyoxalosazone  when 
treated  with  alkalies  {B.  39,  R.  991). 

Unorganized  ferments,  such  u  diasfasr  and  synaflase  or  imulsin  (contained  in 
iWKt  and  bitter  almonds),  acting  upon  the  saccharides  produce  hydrolysis.  Inver- 
tin  (cbanging  a  deilro  gyratory  sugar  solution  into  Isevo- rotatory  invirl  lagar), 
ptyalin  (the  fcnncnl  of  saliva),  trypsin,  pepsin,  and  other  animnl  secretions  exerl 

When  the  di-  and  poly-saccbarides  are  heated  with  walcr  and  a  litllE  acid  they 
undergo  hydrolysis.  Its  rapidity,  according  to  Osiwald,  beats  a  rlose  relation  lo  the 
affinity  of  the  acids  (Jnur.  pr.  ChEtn.  (2),  31,  307).  Certain  inot^anic  salts,  and  also 
glycerol,  are  capable  of  inverting  cane  sugar  (H,  ag,  R.  950:  aj,  R.  574). 

Prolangcd  healing  with  acids  causes  rmtriion  ;  the  glucoses  fespccially  fructose) 
tlndergo  a  retrogressive  condensalion  to  dextrine -like  sutstances  (B.  13,  3094). 

Cane  Sugar,  Saccharose,  Sac  char obtose,  C|,Hi,0„,  ihe  most  im- 
portant of  the  sugars,  occurs  in  the  juice  of  many  plants,  chiefly  in 
sugar  cane  {Saccharum  offidnarum)  (20  per  cent,  of  the  juice),  in  some 
varietiesof  maple,  and  in  beet -roots  (^^temrtrtrfwia)  (lo-jo  percent.), 
from  which  it  is  prepared  on  a  commercial  scale;  and  also  in  the  seeds 


I 
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of  fujtnir  plants.     While  the  hexoses  occar  mainlj  in  fmits. 
In  ijkiially  contained  in  the  stalks  of  plants. 

Uittorual. — Saj^ar  Hm  lieen  obtained  from  sugar  cane  from  the  earliest  riw**^      in 
thr  mifi'lle  ages  lugar  cane  was  a  rarity  io  Germany ;  it  was  only  after  the  dis 
of  Amfrka  that  it  was  grarlually  introduced  as  a  sweetening  agenL     In  1747 

f\%nSt'^  in  ikrlin,  dt*«overed  cane  sogar  in  beetroots;  his  obxTratioos  ~ 
t%%\%  of  the  l;eet  ftugar  industry. 

In  \V^>1  Af.hard,  in  Silesia,  erected  the  first  beet-sugar  factory.  The  coothmtal 
bl/Kka/lr  fr^rced  by  Najioleon  I  hastened  the  development  of  the  new  indostrr,  which 
dining  ihr  last  fifty  years  has  attained  a  constantly  increasing  importance  in  GemtaaT. 
I  hia  ( otintry  produces  alx>ut  one-fourth  of  the  total  sugar  y^ld  of  the  world.  In  the 
yrar  1H91  92,  403  factories  consumed  9,488,002  tons  (l  ton  =  looo  kilos)  o^  beets, 
which  wrre  obtained  from  164,774  hectares,  and  gave  to  commerce  1,144,368  tons 
of  li^rt  sugar,  from  which  the  country  gathered  72,000,000  M.  reTenoe.t 

iffhttKal  /Wpara/ioM.X—Tht  cane  sugar  is  best  remoired  from  the  cane  and  from 
thf  finrly  dividfd  l^eets  by  the  diffusion  process.  The  saccharine  joice  diffuses 
IImoii{;1i  the  cril  walls,  whereas  the  colloids  in  the  latter  remain  behind. 

I  hr  UUtrrtX  san  is  heated  to  80-90®  with  milk  of  lime,  to  saturate  the  adds,  and 
prf*ri)iitat«)  the  albuminoid  substances.  The  juice  is  next  saturated  with  carbon 
t\\n%u\f,  phdftphoric  acid,  or  SfJ,  (arresting  fermentation),  filtered  through  animal 
( liarroal,  (oiKcnt rated,  and  further  evaporated  in  vacuum  pans  to  a  thick  symp,  oat 
<if  whi(  h  the  solid  sugar  separates  on  cooling.     The  raw  sugar  obtained  in  this  man- 

nrr  In  further  |>uriried  with  a  pure  sugar  solution,  in  the  centrifugal  machine,  etc. 

rrjhied  %ugar. 

Siijjjir  rnay  l)C  obtained  from  the  syrupy  mother  liquor — the  molasses,  which  cannot 
bf'  liMiii^lil  to  c  ryHtnIli/.ation  : 

(f )  liy  rMW<7m,  flrpcnditjg  upon  diffusion  through  parchment  paper,  in  apparatus 
uiiiilljir  to  filter  prcHvu. 

{A)  iJy  waihihf;  (»-Iution)  (Schciblcr,  1865). 

'I  \\r  npnrinjfly  soluble  sacrharatcs  of  lime  and  strontium  are  obtained  from  the 
iiiolannrH  {%rr  bi'low)  mid  thrsc  are  freed  from  impurities  by  washing  with  water  or 
illluir  nl(  oliol  (rluliofi).  The  purified  saccharates  are  afterwards  decomposed  by 
( iitbnri  dioxide,  and  the  juice  which  is  then  obtained,  after  the  above  plan,  is  further 
vvoiknl  ii|i. 

I  lie  iiioliinHes  \%  also  worked  up  into  rum  (p.  122). 

/*n)prr/irs.-'\y\Min  its  solutions  are  evaporated  slowly  cane  sugar 
hfpiiialfs  ill  larf^e  monoclinic  prisms,  and  dissolves  in  ]/z  part  water 
ol  inrdiiiin  temperature;  it  dissolves  with  difficulty  in  alcohol.  Its 
s|).  ^^i.  (•(jiials  1.606.  Its  real  rotatory  power,  A„,  at  20°  is  +66.5° 
n*'  17*  '7.S7)-  Cane  sugar  melts  at  160°,  and  on  cooling  solidifies 
t«)  an  amorphous  glassy  mass;  in  tiine  this  again  becomes  crystalline 
and  non-transparent.  At  190-200°  it  changes  to  a  brown  non- 
rrystalli/able  mass,  called  caramel^  which  finds  application  in  coloring 
lirjuors. 

'J'he  (piantity  of  sugar  in  solution  may  be  determined  by  polariza- 
tion, using  the  2i\)\)?ixixi\\s  of  Soieii'Ventzke-Scheib/ery  or  the  half-shadow 


*  Ein  Jahrhundert  chemischer  Forschung  unter  dem  Schirme  der  Hohenzollem, 
von  A.  W.  Ilofmann,  1881. 

f  StatistischcH  Jahrbuch  fUr  das  deutscbe  Reich,  herausgegeben  von  Kaiserlichen 
statistischen  Amt.     14.  Jahrgang  1S93.     ^'  ^4»  ^74* 

jHdb.  d.  chem.  Tcchnologie,  Ferd.  Fischer,  1893.    S.  851-888. 
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instrument  devised  by  Schmidt  and  Hansch  (B.  a?,  aiSz),  as  well  as    i 
by  means  of  the  taccharimeter  of  Brix. 

Tram/ormatiam  and  Constitution. — Cane  sugar  decomposes  into 
d-glucose  and  d-lfevulosc  (invert  sugar)  when  boiled  with  dilute  acids. 
Ferments  also  hydrolyze  it.  It  is  only  after  this  occurs  that  it  is 
capable  of  reducing  Fehling's  solution.  Mixed  with  concentrated 
sulphuric  acid  it  is  converted  into  a  black,  humus-like  body.  d-Sac- 
charic  acid,  tartaric  acid  and  oxalic  acid  are  formed  when  it  is  boiled 
with  nitric  acid.  Cane  sugar  heated  to  160°  with  an  excess  of  acetic 
anhydride  gives  octaretyi  ester,  C„H„0.(  O  .  C,H,0},.  This  latter  fact  , 
and  the  failure  of  cane  sugar  to  reduce  Fchling's  solution  under  1 
ordinary  conditions  are  made  to  appear  in  the  following  formulas : 

0      CH,OH- 

/  CH.OH 

1    CH.OH 

\iH 

^H.OH 

Cane'Sugar  yields  sucbarBtes  wilh  the  bases.  Alcohol  will  precipitate  the  mens- 
iaite  tauharalt,  C„H„0,,  ,  CaO  -f  2H,0.  The  Iribanc  mcckaiali,  C„H„0|.  .- 
jCaO,  ii  nnt  readily  soluble  in  water  (B.  16,  2764].  iilrontium  and  barium  give 
l*rrertly  similnr  asccharates  (B.  16,  9S4)  (p.  574).  The  tilramtrxUt,  q,H„(N0,),- 
0,,,  explodes  Tioleiilly. 

Milk  Sugar,  Lactose,  Lactobiose,  CuH„0„  -)~  H,0,  oc 
the  milk  of  mauimais,  in  the  amniotic  liquor  of  cows,  and  in  certain  J 
pathological  secretions.     Fabriccio  Bartoletti,  of  Bologna,  discovered  ] 

it  in  1615. 


Milk  sugar  crystallizes  in  white,  hard,  rhombic  prisras.  It  becomes  ' 
anhydrous  at  140°,  and  melts  with  decomposition  at  205".  It  is 
soluble  in  6  parts  cold  or  aj^  parts  hot  water,  has  a  faint  sweet 
ta'ite,  and  is  insoluble  in  alcohol.  Its  aqueous  solution  is  dextro- 
rotatory and  exhibits  bi-rotation  (^.  549).  It  resembles  the  hexoses 
in  reducing  ammoniacal  silver  solutions;  this  it  effects  even  in  the 
cold,  hut  in  ca.se  of  alkaline  copper  solutions  boiling  is  necessary  to 
reach  the  desired  end. 

Transfonnalions  and  Cansliluden. — Milk  sugar  yields  galaclose  and  d-gliieose    I 
when  it  is  healed  with  dilute  acids ;  it  fennenls  wiih  difScullj'  with  ycMI,  but  under- 
goes the  lactie  fcrmenlatioa  with  great  readiness  (p.  335).     Nitric  acid  oiidiies  11  ti 
d-SBCcharic  acid  and  tuucic  acid. 

Bromine  water  converts  it  into  laclobionU  arid,  C,,IIj,0|,,  which  is  changed  t 
d-gluconie  acid  and  d-galaclose  upon  digesting  it  with  acids  (B.  11,  362). 
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L»tlo»  Cariaxftii  AM,  CnHaO,, .  CO,H,  is  inoduced  by  Itic  iddilion  of  bTdro- 
cyinic  Kid.  Ii  dcconposet  into  d^lucoheplooic  uid  (p.  S^  "ad  d-g*lacloie  (A. 
■71,198).  Compucu<Macchiirin,p.5J7.  Fitnyl lnclosavmf,C„<i\^0,[yi^HCM,\  - 
mell!  at  aoo' vB.  ao,  8391  Qiipairtyl  Lastesi.  C„H|,U,roCO  .  CH,]„  melis  i. 
05-ic»'  (B.  15,  14531'  Tbew  (ntaifamiiilioDi  can  be  undenlaod  bom  tbc  fcdlow^ 
ing  fonnaU  of  milk  sugar: 


CH,OH .  CH .  OH .  CH[CHOH],CH— O— CM,[CH  -  OH  ],CHO 

e  deii**ti*es  with  Ibe  nitrate  and  lutpbite  of  a 


Maltose,  Malt  Sugar,  Maitobiose,  Ci,H„0„  +  H,0,  is  a  variet^ 
of  sugar  formed,  together  with  dextrine,  by  the  action  of  mall  dtastas 
([).  IZ2)  upon  starch  (in  the  mash  of  whiskey  and  beer).     It  is  capa 
tile  of  direct  fermentation.     It  is  also  an  intermediate  product  ii 
action  of  dilute  sulphuric  acid  upon  starch,  and  of  ferments  (diastase,^ 
saliva,  pancreas)  upon  glycogen  (p.  578). 

Maltose  is  usually  obtained  in  the  form  of  crystalline  crusts,  com- 
fwsed  of  hard,  white  needles ;  [a]  T  =  137"  (1^-  38,  R.  990),  and  can 
be  obtained  from  starch  by  means  of  diastase  (A.  220,  209). 

TraHsferiHalieni. — It  vas  funaerly  b«1iercd  tbal  maltose  could  be  direcllj  fer- 
mented 1^  yeaat.  It  appcan,  however,  that  there  is  present  a  second  eaijme  [along 
with  inTcnio,  which  does  nol  hydcolyie  maltose)  in  the  yeasi.  This  (glacase  ?) 
decomposes  the  maltose  into  glacose  (B.  ag,  R.  663),  It  reduces  Febling's  solution 
only  in  the  presence  of  grape  sugar,  which  it  resembles  very  flosclj  (A.  330,  210). 

Diulase  does  not  eiert  naj  Furtlier  change  upon  maltose  ;  when  boiled  with  dilute 
acids,  it  absorbs  water  and  puses  completely  into  d-glucose  or  grape  sugar.  Nitric 
add  oxidiiesil  to  d-ssccbaric  acid,  while  chlorine  changes  i(  to  malto-Uonic  acid, 
C„H„0|,.      This  yields  grape  sugar  and  d-gluconic  acid  when  it  is  heated  with  acida. 

Hydrocyanic  acid  iransfonns  it  into  maltose  csrboxylic  acid,  C,,HgO|, .  CO,I{, 
which  decomposes  into  d  glucose  and  d  glucobeptonic  acid  (A,  979,  200). 

When  boiled  with  lime  water,  it  forms  hosMiharin  (p.  5J7).  Octoairt-maUtu, 
C„H„0,(OCO .  CH,)„  melts  at  156'  (A.  a»o,  ai6;  B,  38,  J019).  PbmylmaJUsiuoiu 
raellsat  306°  (B.  ao,  8ji).  Maltose  and  milk  sugar  possess  the  same  stnictOMl 
formula  (B.  33.  1941). 

The  following  saccbarobioses  are  less  important;     homaUon,  C„!I„0,|,  isomoic 
with  maltose,  results  from  the  action  of  hydrochloric  acid  upon  d-glucose  (B.  afl, 
30l4|,andinlliemiuhing  process  (B.  35,  R.  577)1  [■!]„  =  +  70"  (1),  ag,  R.  991}.  J 
Veast  does  not  ferment  it ;  diastase  conreru  it  into  maltose.     Its  uaeeni  melti  bT 
iSo-'SS"- 

Mycose,  C„H_0„  +  2U,0,  1''*''"'™<=  <^   *4'   '*■  SS4  1  *6,  1331). 
several  species  of  langi—t.g..  «\  BoUttii  fduKs  (It.  ay,  R.  511),  in  ergot  of  rye,  ■ 
ill  the  oriental  Tnhala.     Acids  conveit  it  into  d  glucose  (B.  36,  3094)- 

Melibiose,  C,,H— On,  is  [iroduced   in  the  hydrolysis  of  melitiiose.      E 
hydrolysis  converts  it  into  d-glueoie  and  d-galactose  (B.  3a,  3118;  33,  I438,  30I 

Turanoae,  C„H„0,|,  a  white  mass,  [aL  =  +  65  to  +  68",  is  bnned  ■ 


with  d-glucose  in  the  partial  hydrolysis  of  m 
(B.  ay.  3488). 

Agavoae,  C„H-0,,,  is  obtained  fi 
189).     Lupeoae,  C,,HaO,„  is  cooiaii 


Its« 


It  melts  at  llj-aa 


n  seeds  (B.  aj,  aaij). 
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Melitose.  Rnffinost,  C„H,,Oi,  +  jH^O,  Mditriost  (8 
[a]„^i04''.     ll  uccurs  in  rather  large  qiiaiitit)' in  Atisiral 
(varieties  of  Eucalyptus),  in  the  flour  of  culton  seeds,  in  sma 
in  sugar  beets,  and  being  more  soluble  than  cane  sugar,  it  accumulates 
in  the  molasses  in  the  sugar  manufacture.     From  lliis  it  crystallizi 
out  wiih  the  sugar  (A.  232,  1 73).     Its  crystals  have  jjcculiar  terminal 
points,  and  show  strong  rotatory  power  (Plus  sugar), 

Todelermine  the  raffinme  quaiilitatively  consult  B.  19,  287Z,  3I16. 

By  hydrolysis  il  yields  fructose  and  m*iibiose  (B.  aa,  1678 ;  13,  K.  103). 

MelezitoBc,  C„H„()„  +  zIJ,0.  occurs  in  ihe  juiue  uf  Pnius  larU.  an 
Per-ian  miiniia.     ll  resembles  cane  sugar  very  mucb.     It  is  di>1iagui$bed  from  ibe, 
Inller  by  it*  greater  rolatory  power  (B,  a6,  K  694).  and  in  not  being  »o  iw«cl  K    ' 
tL'ile.     It  Rielis  at  148°  when  nnhydroui.     It  is  ■l^io  a  liiose  (Ij.  I3.  K.  759), 
decom;»9es  by  partia!  hydrolysis  into  d-glucose  and  curan«se  ( U,  37,  2488). 

Slacbyose,  C^H.^jlJu,  ii  obiiiocd  from  Slachyi  lubtrifira  (B,  a4i  2705). 


C.    POLYSACCHARIDES. 

Il  is  very  probable  that  the  polysaccharides  having  the  empirical 
formula  C.HkOi,  really  possess  a  much  higher  molecular  weight, 
(CHijOs),.  They  differ  much  more  from  the  hexoses  ihan  the  di-and 
Iri -saccharides.  They  ate,  as  a  genera!  thing,  amorphous,  dissolve 
with  difficulty  in  water,  and  lack  most  of  the  chemical  characteristics 
of  the  hexoses.  By  hydrolysis,  that  is  when  boiling  them  with  dilute 
acids,  or  under  the  influcnceof  ferments  (p.  ■;  19)1, nearly  all  are  finally 
broken  up  into  monoses  (see  dextrine).  Their  alcoholic  nature  is 
shown  in  their  ability  to  form  acetyl  and  nitric  esters.  They  may  be 
classified  as  itarches,  gums  and  cellulose. 

There  are  certain  gums,  like  cherry  gum  and  beechwood  gum,  which  yield 
loses  hy  hydrolysis.     'I'hey  are,  Iherefore.  calleil  pnUemnct  lo  ilistinguish  them 
ihe^Aj^a'aicj— the  polysaccharides,  which  break  dowci  inio  glaeosea  when  ihej*  ars 
hydtolyied  (B.  97,  2712). 

Starches.— ( i)  Starch,  Amylnm,  (C,HioOs\,  is  found  in  ihe  cells  of 
many  plantti,  in  the  form  of  circular  or  elongated  microscopic  granules, 
having  an  organized  structure.  The  size  of  the  granules  varies, 
different  plants,  from  0.002-0.185  mm.  Air-dried  starch  conli 
10-20  per  cent,  of  waler;  dried  over  sulphuric  acid  it  retains  some 
water,  which  is  only  removed  at  100°.  Starch  granules  are  insoluble 
in  cold  water  and  alcohol.  When  heated  with  water  they  swell  up  at 
50°,  buret,  partially  dissolve,  and  form  starch  finite,  which  turns  the 
plane  of  polarization  to  the  right.  The  soluble  portion  is  called 
granuhse,  Ihe  insoluble,  starch  cellulose.  Alcohol  precipitates  a  white 
powder — soluble  starch — from  the  aqueous  solution.  The  blue  colora- 
49 
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.ry;i  .j- !':'',:'  r:  r-^'i:  frrrv.-er.*:!-:  n:  ir.  :he  L-rt<er.».-e  cf  cia^'ase.  how- 
f.'r^  * : . ';  y  r,3  -.  r.'i  fe '  r.".  e  r.  *  -2. ;  ::  y  y  eas :  .  .  izi  .  Tl:  e  y  ar  e  ihe  n  con  - 
v'tV:^I  i-.t.^  fi-'/.-.r/y-f:.  Thty  yie'.i  :he  5an:e  p-.^-v-c:  whrr  boiled  with 
^I  i/fr  ar-^1 ..  Tr.*:  ^-lextrir.es  !.:r*:te^i'h  :  >.ery;hyc::irre  B.  26,  ^933). 
'Hi':  yoa.t  ;/'irfi,  pr'.vjr.t  in  }ea5:  cells,  ha-?  leer.  i>:!a:ec  (B.  27,  925). 

^)f^^*T\T^^  U  prAf'flrfH  Commercially  hy  moiilen'n;^  starch  wi:h  two  p er  crnt.  nitric 
«/kI,  fllk.'A'iri'/  if  fo  t\Ty  in  thca-r,  ani  then  Lcaiir.g  u  to  1 10^.  It  is  employed  as  a 
■nil  firiif"  for  Kurn  Ml.  23,  2104). 

Arabin  Gum  c/uflci  from  m^ny  plant*,  and  solidirics  to  a  tr:in*parent,  glassy, 

"~"*l>b'/tui  m;«*H,  wJiirh  rli^solTps  in  walrr  to  a  clear  soluli-n.     Gum  aiabic  or  gum 

■1  connJArA  of  tlir  |K/tassium  and  calcium  salts  of  arable  acid.     The  latter  can 


CELLULOSE , 

be  obuined  pure  bj  adding  hydrochloric  acid  and  alcohol  lo  the  solution.  I(  is 
precipitated  as  n  wbilcBiaorphnus  mass,  which  becomes  glassy  At  too",  and  possi 
Ihc  cQuposilion  (C^H^,Og),  -f  H,0.  Ii  brms  compouncU  wilb  nearly  all  (be  ba 
ibeac  disKilre  readily  m  water. 

Some  gum  varieties,  r.f.,  guin  aiabic,  yield  galactose  in  considerable  quai 
when  boiled  with  dilute  lulphuric  acid ;  and  witb  nitric  add  ibey  are  converted 
mucic  acid;  otben  (like  cherry  gum)  are  traDSlorined  on  boiling  with  sulphuric 
imol-arabiDose,  C,H,gO,  (p.  536).and  into  oxslic  acid,  not  mucic  acid,  by  ti 
acid.  The  gum,  extracted  from  beecbwood  by  alkalies  and  preclpiialion  with  acida, 
il  converted  into  xylose  (p.  5j6)  by  bydroljtic  decompoiilion.  Hence  these  gums 
must  be  regarded  aspculownes  ip.  577)  (li.  aj,  27111, 

BBssodn,  vegetable  gum,  contiiiuies  the  cbiirr  ingredient  of  gum  Iragacantbij 
Gassora  gum.  and  of  cherry  and  plum  gums  (which  last  also  conluin  atabin). 
swells  up  in  water,  forming  a  mucilaginous  liquid,  which  cannot  be  lillered ; 
solves  very  readily  in  alkalies. 

Pfcline  saislaiicts  (from  iri^nmc,  coagulated)  occur  in  fruit  juices,  t.g.,  apple,  cher 
ries,  etc.    Tbey  cause  these,  under  suitable  conditions,  logelaliniie.    They  are  c"      '" 
allied  to  the  vegetable  gums,  and  may  be  regarded  as  oxyvegeiable  gum$  (A. 
278;  B.  18.  t&q). 

Cellulose,  (Ci,H»Oie)„  Wood  Fibre,  Lignose,  forms  the  princijial 
ingredient  of  the  cell  membranes  of  all  (ilants,  and  exhibits  an  organ- 
ized structure.  To  obtain  it  pure,  plant  fibre  tir,  better,  wadding  is 
treated  successively  with  diluie  potash,  dilute  hydrochloric  ■ 
alcohol,  and  ether,  [o  retnove  all  adtnixtures  (incrustitig  substances). 
Cellulose  remains  then  as  a  white,  amorphous  mass.  Fine,  so-calli 
Swedish,  filter  pa]«r  consists  almost  eniitely  of  pure  cellulose, 
can  readily  be  made  very  combustible  by  the  addition  of  nitrocellu- 
lose (B.  37,  R.  Si6). 

Cellulose  is  insoluble  in  most  of  the  usual  solvents,  but  dissolvi 
without  change  in  an  ammoniacal  copper  solution.  Acids,  variot 
salts  of  the  alkalies  and  sugar  precipitate  it  as  a  gelatinous  mass  from 
such  a  solution.  After  washing  with  alcohol  it  is  a  white,  amorphous 
powder.  Cellulose  swells  up  in  concentrated  sulphuric  acid  and  dis- 
solves, yielding  a  |>aste  from  which  water  precipitates  a  starch-like 
compound  (amyloid),  which  is  colored  bhie  by  iodine.  After  the  acid 
has  acted  for  some  time  the  cellulose  dissolves  to  form  dextrine,  which 
passes  into  grape  sugar,  when  the  solution  is  diluted  with  water  and 
then  boiled.  The  compound  C„H,.0.(OCOCH,),.  an  amorphous 
mass,  is  produced  on  heating  cellulose  with  acetic  anhydride  to  180°. 

Cellulose  is  used  in  making  pajier,  oxalic  acid  (p.  43*),  parchment 
paijer.  gun  cotton,  smokeless  powder,  and  celhiloid. 

So-called  parchment  paper  (vegetable  parchment)  is  prepared  by 
immersing  unsized  filter  paper  in  sulphuric  acid  (diluted  one-half  with 
water)  and  then  washing  it  with  water.  It  is  very  similar  to  ordinary 
parchment,  and  is  largely  employed. 

Culd,  concentrated  nitric  acid,  or,  what  is  better,  a  mixture  of  nitric 
and  sulphuric  acids,  converts  cellulose  or  cotton  into  esters  or  so-called 
nilro-ceiluloses. 
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tare  or  tHNO,  and  i-3H,SO,,  Ihen  cu-efuItT  washfd  nrilh  wiler,  giTct  pm 
(pjTOxylin).     Tills  ii  inwluble  in  alcohol  and  eih»  or  rita  in  a  minute  or  it 
It  oplodei  violenlly  if  tired  in  au  enclosed  s]iace,  either  b;  B  blow  or  pcrcussic 
buTDS  energelicalljr  whea  ignited  in  the  air.  but  does  nol  oplode.     Cotlon  e 
fur  tome  limelo  theaciionof  a  waimmixtDreof  20  panspulvcriied  nine  and  30  pi 
concentrated  sulphuric  acid  becomes  soluili  pyrtxylin.  whicb  dissolves  in  ether  COD'S 
taining  a  Ulile  alcohol.     The  solution,  lermed  cstladien,  leaves  the  pf  roijlin,  < 
erapoialion,  in  the  foim  of  a  Ihin,  transparent  him,  no)  soluble  in  water,     ll  is 
ployed  in  covering  wounds  and  in  photography. 

In  composition  gun  cotton  is  eellulaie  keia-mlmtt,  C„H„(0 .  NOf^fO,,  wbe 
the  pyroiylin.  soluble  in  ether  and  alcohol,  is  esseoiially  a  Mra-nitrait,  C„H„lO.  ■ 
NO,).0,.«nd«/fnM-»«u'™/f.C„Hu|0.  NOAOjlB.  13.186). 

(.j>ll«iion   dissolved  in  nilrogiycetol  (equal  parts)   yields  eipiosjve  gelatine 
smokeless  powdei  (B.  ay.  R.  jjy). 

CtllHhiU  is  1  miilure  of  nitrocellulose  and  camphor.     It  is  a  hard,  gummy  m 
It  possesses  the  disadvantage,  from  a  lecbnical  Eland  point,  that  it  bums  veiyeuer-l 
geticallj  when  it  has  been  once  ignited. 


ANIMAL   SUBSTANCES   OF   UNKNOWN 
CONSTITUTION. 

Now  that  the  description  of  (he  aliphatic  bodies  has  been  con-J 
eluded,  certain  substances  of  aninnal  origin  will  be  mentioned.  Theirl 
exhaustive  treatment  properly  belongs  in  the  province  of  physiological  ff 
chemistry.  It  is  especially  noteworthy  that  very  frequently  weil-knowa  J 
amido-acidsof  the  aliphatic  series  are  found  among  the  decompositioB  I 
products  of  these  rather  enigmatical  bodies.  Many  of  the  substanccal 
described  in  the  following  pages  occur,  both  in  the  vegetable  and  ani-  ■ 
mat  kingdoms,  in  closely  related  modifications  of  uncertain  constitih- 1 
lion,  e.g.,  the  albuminous  bodies,  the  nucletnes,  the  cholesterines,  the  | 
cniymes,  etc.,  and  also  the  carbohydrates  (p.  S7')  ^"d  lecithins  (p. 
475)1  which  have  already  received  mention. 


ALBlJMINOtlS  SUBSTANCES,  ALBUUINATES.* 

These  were  formerly  known  as  protein  substances,  and  form  ihe  I 
principal  constituents  of  the  animal  organism.     They  also  occur  in  T 
plants  (chiefly  in  the  seeds),  in  which  they  are  produced  exclusively. 
'  When  absorbed  into  the  animal  organism  as  nutritive  matter  they  stis- 
tain  btit  very  slight  alteration  in  the  process  of  assimilation. 
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Slohmann  *nd  Langbein  (J.  pr.  Ch.  [l]  44,  J4J)  hare  calculated  the  fonnula 
^no"iiu'^iit^t"iii  ^'^'  crytlalliied  albumm. 

The  moleeulu  magniiude  of  no  albuminoiii  sul«lance  Is  deliiiiiely  known.  There 
ii  no  doubl  but  that  their  Diolccular  weights  are  large.  SabanejrD',  employing  Kioult'i 
method,  obtained  tS.OOO  [or  Ibe  molecular  value  of  puriliFd  egg  aDmnien.  All 
albuminous  bodiei  rotaic  the  plane  of  polariialion  la  ibe  lell.  They  always 
leave  an  inorganic  residue  ivhen  they  ore  burned.  In  the  solutiun  and  preci|iitBtiotl 
processes  emplnyeil  in  obtaining  ibtm  fiee  from  mineral  ash,  the  albumin  fre([uenlly 
•iustuiiis  a  change  in  its  pio^ierlics  (ll.  aj,  204]. 

When  boiled  with  dilute  sulphuric  or  hydrociiloric  acid,  or  with 
baryta  water,  the  decomposiiion  products  are,  in  adtlition  to  am- 
monia and  carbon  dioxide,  mainly  amido-acids  of  the  fatly  series: 
glycocoll,  leucine,  leucelnes,  C,H„_,NO,  (unsaturated  glycines),  as- 
parlic  and  glutaminic  acids,  CjH.NO,  (p.  493);  and  diamidoear- 
boxylic  acids  (p.  481),  e.g.,  ar-diamidocaproic  acid  (?  lysine,  B.  25, 
^45^1  3504)1  *s  well  as  ^phenyl-a-amidopropionic  acid,  tyrosine,  etc. 

Furlhermorc,  hydrochloric  acid  and  slannons  chloride  conTert  albuminoHS  sub- 
slancca  into  iwo  bases  analogous  to  cieaiine  and  cicalinine;  Zywfin,  C,H,iN,0,, 
ai'd  Lysalinia.  The^e  are  said  to  yield  urea  when  they  are  decomposed  (B,  aj, 
3096).  Argmiiit.  C,H,.N,0,  (Z.  phys  Ch.  «,  11,5),  should  also  be  added  to  the 
list  of  decomposiiion  products.  Concentrated  bydiuchloric  acid  is  said  10  ba*c  Con- 
verted albumin  imo  a  dihydroxypyiidine  melling  at  293°  (II.  ag,  3109,  R.  Ij). 

Locw  mainlains  that  the  production  of  albumin  in  plants  i&  doc  to  tbe  condensa- 
tion of  aspanfine  aldehyde  {Pllllger's  Arch,  aa,  503), 

Thepulrefattion  caused  by  tbe  activity  of  lower  organixms — bacilli,  baeleria.  etc. — 
in  albuminous  bodies  gives  ti.ie  not  only  to  fatly  adds  as  far  al  caproic  acid,  but  also 
to  6amulmalirU  acid  Vp.  359)  (It,  14,  ti6^\.phmyl-a4<IU  ariJ.  C,H,CH,  .  C(X)H, 
^-exyphinylfropienii  ndJ.  II0[4]C,H,[i]CH,.Cn,.C0,H,  fkiu^l.  C,H,OH^ 
inJJ,  C,H,  I  IJ^KH/^"'  ''^"''  *"  P-Kt'l'iyl-iidel,  C^H,  I  Sjjn'h^^^*^ 
tkalot-tariBxytU   acid,    C,H,  {  [j'kh"!^''  ■  *-*^^'     *°^    ikalslacttit    onh 

Basic  compounds  also  result  in  this  decomposition.     These  are  the  diai 
imines  of  the  paraflin  series,  and  have  been  called /Vonrainn  or  loxints  (p.  3to). 
Indol  and  skatol  have  also  been  obtained  from  albumin  by  the  ai 

Certain  pathogenic  micro-organisms,  as  diphtheria  and  anthrax  bacilli,  produc 
decomposiiion  that  is  far  more  extended,  and  results  in  the  formation  of  pdsoo 
Bubslances   somewhat   simitar  to   albumin  and  peptone,  vrbich  have  been  lens 
taxolbuminj  :  these  lose  Ibeir  toiic  properties  when  their  aqueous  solutions  are  hi 
(B.a3.Ri50- 

The  nitrogenous  derivatives  of  albumin,  voided  with  urine,  can  not  in  general  be 
olteined  aitihclally  from  the  albuminous  liodiea.  Ilie  organism,  by  oxidation  UbA 
decomposiiion.  changes  alliumin  into  an  ammonium  salt,  which  is  then  further  1911^. 
ihctically  worked  up,  chiefly  in  the  liver,  t ""  "  """   — '  ""' '''  ^'' — 


ic  acid,  and  other  atnido-b 
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The  albuminates  arc  usually  insoluble  in  water.  Their  presence  in 
the  juices  or  fluids  of  the  living  organism  is  eotirety  due  to  the  pres- 
ence of  salts  and  other  substances,  which  are  but  partly  undeistood. 
They  arc  insoluble  in  alcohol  and  ether;  most  of  th^m  are  precipitated 
on  boiling  in  weak  acetic  acid  solution,  also  by  acetic  acid  and  potas- 
sium ferrocyanide,  or  acetic  acid  and  sodiam  sulphate,  and  by  certain 
mineral  acids,  as  well  as  by  salts  of  the  heavy  metals. 

Many  albuminous  substances  are  separated  from  solution  by  boiling, 
by  alcohol,  by  mineral  acids,  etc.  Vhey  a.te  eoagu^ted.  Their  solu- 
bility is  entirely  changed.  This  is  not  the  case  with  the  so-called 
propepiones.  Propeptone  precipitated  by  alcohol  disolves  after  the 
removal  of  the  latter  as  readily  in  water  as  before  the  precipitation. 

Rioclitnt. — All  ilbuminotu  bodies  kic  CDlond  ■  Tiolet-ml  on  wuming  with  ■  mer- 
curic Ditrue  solulioD  coDtaioing  «  lillle  nitrous  acid  (this  is  like  tjrto^iDe)  (Milion'a 
rcAgenl).  A  jcllow  colof  is  prodaccd  wbeo  Ihey  are  digested  with  nitric  acid.  This 
liecomesagoid  yellow  on  oeutnliiation  with  ■mmonia  (XitHlkafirvlfle  reaitiaii).  Tbe 
■Ibuminoui  subsunces  yield  beautifal  riulel  colored  solutions  on  digestiDg  tbem  with 
fuming  sulphuric  acid.  Caiulic  potash  and  copper  sulphate  also  impart  a  mf  to  riolet 
coloration  lo  albuminous  solulions  {Biuret  rtaclim)  (B,  ag,  1354).  On  tbe  addiiioD 
of  sugar  lod  concenlraled  sulphuric  acid  they  acquire  a  red  coloralioD,  which  00 
exposure  lo  Ihe  air  becomes  dark  violet.  If  conceotraled  salpJiuric  acid  lie  added  10 
the  acetic  acid  solution  of  albuminous  bodies  (hejr  receive  a  violet  coloration  and  show 
a  characteriitic  alsorplion  band  in  the  spectrum. 

The  manner  of  distinguishing  and  clarifying  the  various  albuminous 
substances  is  yet  very  uncertain.  The  original  albumins,  occurring  in 
nature,  are  albumin,  globulin,  casein,  gluten  proteins,  etc.,  while  the 
secondary  mod ifical ions  obtained  from  them  through  ihe  agency  of 
chemicals  or  ferments  are;  acidalbumins,  albuminates,  coagulated 
albumins,  fibrins,  propeptones,  i)eptones,  etc. 

Many  of  these  modifications  reiull  from  the  brcaVing-down  of  the  molecule  of  (he 
original  albumin.  It  is  welt  worth  noting  in  such  in?>tances  thai  the  decomposition 
pr<Kluct  still  maintains  Ihe  esientiil  character  of  the  albuminous  substances  just  as  ihe 
starch  molecules  yield  molecules  of  grape  sugar,  which,  like  the  starch,  continue  as 
carbohydrates.  The  breaking-down  of  the  original  albumin,  in  Ihe  reactions  referred 
to,  is  proved  by  the  astonishing  fall  in  molecular  weight.  This  has  been  partly  de- 
termined by  the  meibod  of  Kaoull  (p.  32)  and  in  part  by  testing  tbe  electric  con- 
ductivity (Skand.  Arch.  Physiolc^.  5,  337).  The  decomixiiition  is  also  evidenced 
by  the  fact  thai  the  projiortion  of  ihe  carbon  to  the  nilroijen  in  the  decomposition 
product  frequently  varies  from  ihat  in  the  other  decom;>osition  product,  just  as  much 
as  il  varies  ln-lween  these  substances  in  the  parent  IxkJv  (Schmiedebei^,  Arch.  exp. 
Path.  39).  This  decomposition  of  tbe  albumin  molecule  is  a  hydrolytic  decompo- 
sition.     See  albumin  substances,  p.  583. 

In  a  certain  numt«r  of  feconiiary  albumin  modifications  ammonia,  sulphur,  nnd 
amidoacids,  like  leucine  and  tyrosine,  etc.,  have  been  split  off,  without  Ihe  loss  of 
the  essenlial  character  of  tbe  albumin. 

Of  pre-eminent  im]x)nance  is  the  fact  that  the  organs  of  the  living  animal  body 
have  the  power  of  synlhesiiing  the  original  albumin  Irom  [he  products  with  lower 
molecular  weights.  This  is  certainly  similar  lo  the  formation  of  glycogen — the 
anima)  starch,  from  grape  sugar,  in  tbe  liver. 

Many  substances,  not  alt  of  which  have  heretofore  been  classed  as  albuminous 
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lubstRncei,  split  olT  sugar  when  (realed  with  acids;  they  are  therefore  glacosidet 
(Z.  plij-siolog,  Ch.  la,  389), 

t.  Albumins,  soluble  in  water,  dilute  acids  and  ilkalici,  dilute  ftnd  saturated 
solutions  of  sodium  chloride  or  migneaiuni  sutphale.     CoagHlaUd  iy  heat.     JjenuD' 
<gg-,  milk-,  and  regetablc  nlbumju  belong  in  this  dats.     Nitrous  acid 
atbumio   into  jellow  desantido-Blbumin.     This  is  siill  digestible,      ll  doe* 
sbow  the  biuret  reaction  (U.  39,  >354}. 

X.  Globulins,  itiHiluble  in  water,  but  soluble  in  dilute  solutions  of  sodium 
chloride  and  magnesium  sulphate,  Tbcie  solutions  are  coaguUled  on  boiling. 
Magnuiuni  sulphate  at  30°  precipitates  them  withaul  any  alleratioa  in  properties. 
This  class  contains:  Myosin  (muscles),  fibrinogen  (in  the  living  blood),  chang' 
ing  under  the  influence  of  filirin  rermenl  to  librin ;  fibrin  globulin,  obtained  from 
filirin  by  means  of  trypsin  1  serum  globulin;  cryslai -lens  globulin  and  vililliit  \}A 
the  yellow  of  ihe  egg). 

3.  Caaeina,— Milk  casein  behaves  in  general  like  an  albuminate  (see  under  6),  but 
is  dislinguished  by  the  fact  thai  wbey  eniyme  precipitates  it  in  neutral  or  feebly  acid 
solutions  in  the  preieDire  of  soluble  calcium  compounds.     This  is  not  the  case  wiilt  I 
the  albuminate  (B.  3g,  R  913).     The  casein  of  milk  apiiears  also  to  be  combincdll 
with  a  phosphorus- contain  ing  body.  r.^. ,  with  noclela.    tor  this  reason  some  writcna 
class  casein  with  the  nucleo-albumini.  ^ 

Caseins  also  occur  in  plants.  ■ 

4.  The  Gluten  Proteins  are  chaiacteriied  by  their  physical  prapertid.  In  the 
hydrous  slate  they  are  pasty,  elastic  masses.  They  only  occur  in  wheat  flour. 
Here  they  constitute  the  chief  eucntial  for  bread-making.  Gluten  Is  insoluble  in 
water,  and  sparingly  soluble  in  water  containing  a  very  little  dilute  acid  or  alkali. 
Its  solubility  in  alcohol  (60-70  volume  per  cent, }  is  very  charact eristic.  Some  gluten 
proteins  wlien  decomposed  yield  large  quantities  of  glulaminic  acid.  Thus,  Uiil- 
hansen,  obtained  Dot  less  than  25  per  cent,  of  glutaminic  acid  from  mucedin. 

5.  Acid  Albumins  or  Synlonins  are  insaluHr  in  watrrtmd  salts, soluble  in  hydro- 
chloric acid  or  a  soda  solution,  ■/(!  not  cxprl  carbonic  acid  Uraa  calcium  carbonate,  and 
are  precipitated  in  acid  solution  by  neutral  metallic  saltsof  the  alkalies  and  alkaline 
earths.  Caustic  alkali  converts  them  into  albuminate.  The  acid  albaininsare  produced 
on  treating  the  albumins,  globulins,  etc.,  with  hydochloric  acid,  or  with  uihcr  acids 
(B.  tS,  R.85S). 

6.  Albuminates,  iiisaluhtt  in  waler  and  salts,  readily  soluble  in  dilute  acids  and 
a  soda  solution,  ixftl  tnrtnnic  and  from  calcium  carbonate.  They  can  be  precipi- 
tated without  alteration  from  acid,  as  well  at  alkaline,  solutions  by  saturation  with  * 

ions  of  neutral  salts  of  the  alkalies  and  alkaline  earths.  The  albuminates  are 
produced  when  albumin,  globulin,  etc.,  are  irealeil  wiih  caustic  alkali. 

7.  Coagulated  Albuminous  Substaticei. — They  are  insoluble  in  waterand  salt 
solutions,  and  scarcely  soluble  in  dilute  acids.  They  are  obtained  by  heating  other 
albumins,  or  by  the  addition  of  alcohol,  certain  mineral  acids  and  metallic  salts. 

8.  Fibrins,  insaluile  in  walir,  scarcely  soluble  in  a  salt  solulioo,  and  in  other 
salts,  or  in  dilute  acids,  formed  from  globulin  by  a  ferment  in  ditcharged  blood.     Tb* 

ati  of  blood  coagulation  is  elpresscd  according  to  the  iuvestigations  of  Schmieden j 
t>erg  (Arch.  eip.  Path.  31,  8)  by  the  following  equation  : 

IC„,H,„N„S0„),  +  H,0  =  C„Hjj,NO„SO„  +  Q,.H,„N„SO„. 

9.  Propeplones  or  Albumoses  (B.  ig,  R.   51S).     Certain  modifications  aifrfl 
produced  by  the  action  of  the  enzymes  of  the  gastric  juice  or  pepsine  upon  the  albtl'M 
minous  bodies.    This  is  largely  dae  to  ihe  hydrolytic  decomposition  induced  in  thr 
process  of  digestion.     They  can  be  precipitated  by  a  saturated  ammonium  sulpbaU 
aolution  at  30',  and  also  at  higher  temperatures.     "  Tbe  albumoses  cannol  be  Ci 


'  The  Physiolrjgy  of  the  Carbohydrates,  by  P«»y. 
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allied  cilber  by  boitiog  tlidt  nmlral  or  aciduUled  aqueous  aolulioQj,  nor  bf  the 
longed  RclioD  uf  alcobol  upon  Ibem,  altbaugb  tbey  ate  insoluble  ip  slrong  ijc 
Uul  aie  |ircci  pi  tiled  by  tbe  Inter."* 

'I'tiey  are  panly  toluble  in  water,  and  partly  insoluble.  Tbey  resemble  llie  all 
mini  and  gloUutins  very  mucli,  and  liy  prolonged  digestion  they  finally  piii,s  into— 

10,  Peplones,  wliicb  are  perfectly  soluble  ia  water,  acids,  alkaiiei  and  salU 
ibe  light  metals  Tbey  cannol  be  separaled  from  ibeir  lolulions  eitber  by  hi 
nitric  acid,  by  acetic  acid  and  rermcyinide  of  potassium,  or  by  iimmonium  lulphi 
rhuaphdlungilic  acid  frequently  pretipilalet  the  peplonei  in  ihe  presence  of  kji 
chloric  acid,  mercuric  chloride,  Ixisic  lead  acetate,  olcoliol,  Glc.  Inciinlplcletfi 

The  alliuminouB  sohsunces,  when  acted  upon  by  firfiiinr  and  diiule  hydrochli 
acid  at  30-40".  are  dismWed.  completely  digested,  and  al  first  are  CDt;TerIed  into 
lyntmini  at  aiid  athmmint,  then  into  aliumosts  or  prKpeftosfi,  and  finally  iolo  so- 
called  ftptoncs,  which  dissolve  readily  in  water,  are  not  coagulaled  by  heal,  and  are 
not  precipitated  by  most  reagents  ^U.  te,  1151;  17,  R.  79I,  For  the  molecular 
weight  and  conslilulion  of  the  pe|>tunei  consult  B.  15,  K.  643 ;  96,  R  zz. 
ot  pancreas  and  Ihe  (ermcnls  o(  deciy  produce  real  peptone  from  albomio. 
sotcwonhy  itint  albumin  is  changed  by  water  above  100°,  best  in  the  presence  of 
small  quantity  of  a  mineral  acid,  into  albumoics  and  peptone.  It  is  very  certain  itll 
llie  peptones  result  from  Ihe  bydrolytic  decompotilioa  of  albumio,  and  in  the  orgal 
ism  again  rerert  to  coagulable  albumin. 

There  is  also  a  serii^s  of  bodies  more  or  less  clouly  related  lo  albumin ;  some  u 
of  a  more  complex  siruclute  than  albumin  itself,  because  ibey  are  albumin  conX 
pounds.  Others  show  the  cburacler  of  a  more  or  Icsi  advanced  slage  of  decompoH 
tioQ  of  the  albumin  molecule,     lu  the  first  cU»  we  find : 

(a^  The  albumin  glucosides.     These  hme  received  mention.     Then  followi 
large  family  of  mucus  bodies — r.g..  tbe  group  of  mutin,  of  tiiuciHdgtn.  of  mucetA, 
and  of  tbe  hyalogim.     These  represent  compounds  of  the  a'buniinuus  subslanc 
with  tbe  carbohydrates. 

fi^}  Nucleln.— This  occurs  in  cell  nuclei.  Il  yields  albumin  and  uuiltic  acub\ 
hydrolyiis.  These  are  found  in  Ibe  Kwc/rla  Anjn.  such  as  xnnlhlne,  guanine,  ad 
nine,  hypoxnnthme,  and  even  sometimes  caibohyil rales,  linked  in  an  elher-like  foi 
very  probably  with  phosphoric  acid.  I'he  very  varyinf(  coni|>osilion  of  the  naclet 
would  indicBic  a  Urge  family,  which  would  ntiach  itself  lo  the  so  called  nucleoalh 
mins.     See  B,  37, 1315,  for  the  decomposiliuo  of  nuciilc  mid  \adtnylic  aad^  1 


H£MOCLOBINB. 

The  fiyhamoglahim  are  found  in  the  arterial  bloodof  animals  and  may  bcoblaioe 
in  crystalline  form  from  the  blond  corpuscles  by  treatmeot  with  a  solution  of  sodiun 
chloride  and  ether,  and  the  addition  of  alcohol.  Tlie  dilferent  oxyhnmoglobir 
isolated  from  the  blood  of  various  animals,  eihibii  some  vaiialions.  especially 
cryslnlline  form.  Their  elemrnlBty  composition  aiiproximates  that  of  albumin  veij 
closely.  Il  differs,  however,  by  an  iroti  cnnlenl  of  0.4  per  cent.  If  the  moleculr 
weight  of  hemoglobin  l>c  calculated  on  the  supposition  ihni  it  conlnins  an  atom  e 
iron,  the  raloe  obtained  exceeds  13,000,  The  b.i!mciglobins  are  bright  red,  cry 
talline  powders,  very  soluble  in  cold  wnlcr.  and  are  precipilnled  In  crystalline  fori 
by  alcohol.  When  the  aqueous  solution  uf  oxylucmoglnbin  is  placed  under  the  ai; 
pump  or  when  il  is  eiposed  to  (lie  agency  of  reducing  agents  (ammonium  sulphide 
II  parts  with  oxygen  and  becomes  kittH^^lehm.    The  latter  is  also  present  in  1 


•  Lehrbuch  der  pliys.  Cbemje  von  R.  Ncumeisler,  S.  aag  [1897). 


CELATIHOUS  TISSUES. 

itHlline  form  (B.  : 


12S).     lu  aqueowl 
Ihe  Bir,  and  rexens  again  lo  oxyhxint 
eihibit  characteiislic  ■bsoqilion  s^clrm. 


I 


bloocl,  and  m«r  be  aepsraled  out  in  >  cr)v 
solulioii  alisorbs  oxygEa  very  rapidly  from 
gluliiii.  both  bodies  jn  aqueous  soiution 
whereby  they  may  be  easily  distinguished. 

If  cnrbon  monoxide  be  coaduclcd  into  the  iixyhxnioglobiD  solution,  oxygen  is  also 
displaced  and  h.emogi obi n- carbon  monoxide  fortned.     This  can  be  obtained  in  laige 
cryslnk  with  a  bluish  color.     Tliis  explains  the  ptnsonous  action  of  carbon  nionoiii»£. 
The  bluish-red  solution  of  h^emi^ I o bin  carbon   monbiide  shows  two  cbaracleriiitie  I 
absorption  spectra.    These  do  not  disappear  upon  the  addition  of  ammoDiuiDsulphidvl 
{distinction  from  oxyhremoelobin).  I 

On  beating  to  70°,  or  through  (Ije  action  of  acids  or  alkalies,  oxyb^emoglobin  iftfl 
split  up  into  albuminuus  bodie:i,  fatty  acids  and  the  dye-stuiT  kirmaiathromagen,  which 
in  contact  with  free  oiyi;en  clmnges  10  hamalin,  wliich  in  a  dry  condition  11  a  dark 
brown  powder,    ll  coaiains  g  per  cent,  of  iron,  and,  ait  it  appears,  corresponds  10  (he 
formula,  C„Hj,FeN.O,- 

The  nddiiion  of  a  drop  of  gtacinl  acetic  acid  and  vrry  litlle  salt  to  oiyhxmoglobin 
(nr  dried  blood)  aided  by  heat,  produces  microscopic  redd  is  ii- brown  cry&lals  of  hicmia 
(hiematin  hydrochloride),  C„Hj,N,0,FeCl  (B.  ag,  J877) ;  alkalies  separate  hirmalin, 
C„H„N,0,KcOH,  again  from  it.  The  production  of  theiecrysuls  serves  as  adelicale 
reaction  for  the  detection  of  blood. 

T)ie  great  physio  logical  importance  of  lixmoglobin  is  evident  from  the  fact  ihut  in 
tbe  bing-i  it  removes  the  oxygen  from  inhaled  air,  holds  it  loosely  combined,  and 
passes  il  over  10  the  various  organa  in  I  he  course  of  circulnlion  —  that  b,  it  renders  the 
oxidation  processes  possible  by  transferring  oxygen  lothcm.  Hydrogen  bromide  Con- 
verts hccmin  into  H,tm<ilr,['orfkyr,H,Q^^\  !„N,0,  (Nencki  and  Sieber,  B,  »l,  R.  433). 
This  is  closely  allied  to  PhyUoparfhyria,  C„H„N,0.  This  is  obtained  by  fusing 
pAyllaeyaHin  with  caustic  soda.  Chlerel^hytl  Ire.ilcd  with  concentrated  acids  yields 
phyllocyaHin,  The  absorption  spectra  of  ihe  ncuiml  and  acid  solutions  of  both  bodiei 
are  identical,  and  onlydiflcr  in  that  ■'  the  lines  of  hxmalo-poriihyrin  are  moved  a  tliade 
toward  Ibe  red."  The  two  bodies  jirohably  bear  the  same  relation  loeach  other  that 
are  observed  existing  between  purpurine  and  oxyanthrnijuinone.  Thai  is,  they  are 
riiiferent  stages  of  oxidation  of  one  and  the  same  nucleus  substance  (E.  Schuncii  and 
L.  Marchlewski,  A.  ajo,  306 ;  B.  ag,  1877).  This  kinship  corresponds  10  an  anal- 
i^nus  phy.siological  action.  Consecjuently  hamioglobiD  attracts  free  oxygen  and 
surrenders  it  in  the  organs  when  it  is  required,  whereas  chlorophyll  liberates  oxygen 
from  carlmtiic  acid  and  water  in  order  to  present  it  to  the  living  animal.  As  the  lower 
fungi,  ■jiiiliBul  chlorophyll,  are  capable  of  building  up  cnrbohydrales.  fats,  and 
alliumins  from  many  molecules  which  contain  Ihe  groups  CH,  and  CHOH,  tbcre 
seems  10  be  no  doubt  that  synthetic  work  can  be  executed  by  the  living  cell  sutetance 
to  which  [in  the  green  portion  of  plauHl  the  requisite  atomic  groups  are  presented  bjr 
processes  of  reduction  (privately  communicated  by  E.  PfiUgcr), 

The  following  siilistances  are  produced  by  the  decomposition  of  albuminoui 
bodies.     They  still  retain  the  albumin  character,  but  in  a  somewhat  modiHcd  form! 


GELATINOUS  TISSUES  AND  GELATINES. 


These  arc  mostly  nitrogenoii 
ing  with  water  are  ctjnveried  ij 


organizeii  substances,  which  on  boil 
0  gelatines  (gltte). 


Glutin,  gelatine,  swells  up  in  cold  wali 
rotaiory  solution,  which  gclalmiies  on  e 
acetic  acid  or  fimtracted  boiling  with  a  lilt 
eny  of  gelstiuiiing  (liquid  gelatine).  1 
solution  gelatine  I  annate,  a  yellowish,  gli 
ing  gelatine  combii 
its  lolulioDi  and  fo 


on  boiling  di<soWes  lo  a  thin  Icevo- 

By  the  addition  of  concentrated 
c  acid,  Ihe  solution  loses  the  prop- 
acid   precipitates  from  ibe  aqueoai 

..  ^  ..  .  .^  precipitate.  The  substances  yield- 
also  vrith  tannic  acid,  withdrawing  the  latter  coraptclely  from 
ling  halhir. 


\ 


1 
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Gljcocoll,  leDCin«,  and  other  unido-faii;  acidi  ace  ihe  ptinclpal  &ubsuac«i  pr» 
duccd  00  boiling  gdaline  wilh  dilute  inlphunc  acid  at  alkalies,  \Vhea  gluiin  u 
healed  wilh  hydrochloric  acid  on  a  ivat«r-balli  there  results  a  gluiin -peptone  chlor- 
hydrate,  sulublc  in  anhydrous  meUryl  and  ethyl  alcohol.  The  glutin  pepionea  can 
!»  obtained  from  it.  IJry  dlMillation  produces  pyrrol  and  pyridine  bases  (bone-oil), 
Gluiin  peptone  contains,  as  shoiva  by  its  bchaviur  wuh  oiirous  acid,  at  least  thre^ 
diflercDI  kind:  of  N-atoins.  One  of  these  eiisla  as  Nil,,  the  second  u  NH,  and  ttu^ 
Ibiid  M  a  tertiary  N-atom  (B.  tg,  1084). 

Alcoholic  hydrochloric  acid  chingo  gelntlnc  inlo  a  compound  that  n 
converts  into  ■  substance.  CjlI,N,U,.  very  similar  1o  Ihe  dlaio  fafly^ocids. 
that  ilrepreseotsdiazo-otyacTyliceBter,  CN,:C(OHj.CO, .  L',H,  (B,  ig,  Hso).  ' 

Although  gUitiii  in  its  coni[>osition  is  very  similar  to  albumin, 
cannot  replace  the  sj.iecific  functions  of  albumin  in  the  anim 
metabolism. 

Bone-,  fnt-,  and  cartilaginous  titiuet  ore  produced  according  as  certain  snhitanc* 
ire  arranged  in  their  gelatinous  gians  by  lime  and  magnesium  salts,  or  by  fiU,  et 

Chondrln  results  on  boiling  ordinvy  cnrlilage.  Il  is  a  mixture  of  gluiin  ai 
certain  compounds  of  chondroli -sulphuric  acid  with  gelatine  and  albuminous  ba'' 
on  the  one  side  and  alkalies  on  the  other  (bchmiedeberg  1  Arch.  exp.  I'attaol,  1 
Pharmakul    aS). 

Scfamiedeberg  represents  the  consliiiiiion  of  chondroll- sulphuric  acid  as  foHowii 

C0.C0.CH,.CO.CH,.CO-CH. 
in .  N :  CH[CHOH], .  CO,H 
[CH.OH], 

CH,.O.SO,ll. 

The  odd  Is  very  probably  a  condeniotion  product  of  sulphuric  aci   .  .^ 

glyouronic  aciil   and  glucosamine.     ArCificial  mixtures  of  gluiin  and  salts  of  cboa!| 
droit  sulphuric  acid  give  the  reactions  of  so-called  cliondrin. 

Chitin  belongs  to  the  class  of  substances  present  in  bone  cailili  _ 
chief  component  of  ihe  shells  of  crabs,  lobsters,  etc.      It  is  inlcresting  to  obsetTftj 
that  ill  nitrogen  eiists  as  glucesamitit  {f.  550),  because  Leddcrhose  (Z.  ph)^,  Ch.  1 
U4 1  has  demonstrated  that  vhen  chitin  is  decomposed  with  hydrochloric  acid  glue 
■amine  and  aceiic  acid  result.     Hence,  Schmiedeberg  believes  Ibat  tbe  follovi 
equBtioQ  has  value: 

C„H,,„N,0„  -f-  4H,0  =  2C,H„Nn,  4.  jCH,.  CO,H. 


Cbilli 


GLuc 


Aecli 


Chitin  heated  to  184°  wilh  molten  alkali  yields  acetic  acid  and  ihilosan.  whichl 
breaks  down  into  acetic  acid  and  glucosamine  when  il  is  heated  wilh  hydrocbloriel 
acid  (B.  aS,  81).  The  shell  substance  of  the  fungi  is  probably  identical  with  chitin,  | 
and  tbe  Mycosin,  obtained  from  it  bj  means  of  causlic  potash,  is  identical  n'  ' 
chilosan  (B.  aS.  S21,  R.  476). 

The  following  are  probably  disintegrated  albumin  molecules : 

Elastin,  which  dinen  from  albumin  in  containing  less  sulphur. 

Ceratin.  horn  substance,  Is  the  principal  ingredient  of  hair,  nails,  etc.     It  c 
tains  a  variable  but  at  times  a  very  high  sulphur  content  (0.7  10  5.0  per  cent.)  (B. 

5GI),     Kotwilbsl Ending  it  apprniimales  tbe  percentage  composition  \S  albumin    ' 
'  closely,  ceratin  gives  almost  the  same  decomposition  products  as  al 


BILIARY    SUBSTANC£S. 


ssfl 


UNOROANIZEO  FERMENTS  OR  ENZYMES. 

Unorganized  ferments  playing  an  important  pari  in  fet  men  tat  ion, 
in  many  processes  of  decay,  and  in  digestion,  appear  to  be  closely 
related  to  the  albuminous  substances.  They  are  soluble  in  water. 
Boiling  water  destroys  their  activity.  Enzymes  ate  the  cause  of  the 
hydrolysis  of  glucosides,  and  In  fermentation  their  role  appears  to  be 
the  decomposition  of  the  polysaccharides,  which  are  to  be  regarded  as 
glucosides.  The  configuration  of  the  glucosides  (B.  28,  984,  1429) 
exercises  3  very  definite  influence  upon  the  action  of  the  enzyme. 
The  following  are  of  vegetable  origin:  Invertin,  diastase  (p.  120), 
emulsin  or  synaptase,  present  in  bi  iter  almonds,  myrosin,  found  in  mus- 
tard seeds,  papain,  etc.  In  the  digestive  juices  of  animals  we  have 
pytaline  (jrrooiiic,  saliva)  in  the  saliva,  pepsin  (jtejitiJ;,  digested)  in  the 
gastric  juice,  and  other  enzymes. 


BILIARY  SUBSTANCES. 


In  the  bile,  the  liquid  secretion  of  the  liver,  which  effects  the  emul- 
sion  and  rcabsorption  of  the  fats,  occur  the  sodium  salts  of  two  peculiar 
acids,  glycocholic  and  taurocholic;  also  lecithin  (p.  475),  choles> 
terine  and  bile  pigments— bilirubin,  biliverdin.  Various  views 
prevail  in  regard  to  the  origin  of  the  latter.  The  relationship  to  the 
albuminous  bodies  has  never  been  determined.  J 

Cbolalic  Acid,  i::„H,jOj(B.  37,  1339;  a8,  R.  331;  19,  R.  14^),  mellJDg  >[  195°^ 
wbcn  anhydrous,  ii  a  monobiuic  acid.     It  is  obtained  logellier  tivii  glycotell  k,  a  de>^ 
composition  product  of  glycocholic  ncid,  and  with  taurine  as  a  product  of  the  decom- 
posUion  of  taurocholic  acid.     Glyco-  and  laurocholic  acids  eii si  as  sodium  salts  b  (fae 
bile.  In  prcporing  cholalic  acid,  (holeinu  add.  C„H„0„  KnAftliinic  acid.  C„H^O„ 
have  been  discovered.     It  fonus  a  blue  compound  with  iodine,  quite  similar  lo  that 
given  by  sfareh  and  iodine  (B.  38,  783  ;  R.  720).     When  o»idi«d  with  potossiBm  -, 
permsngnnDte  it  yields  not  only  acetic  acid,  bul  also  o-pbthalic  acid  (B.  ag,  R.  346].  J 

Taurocholic  Acid.  C„H„0. .  NH .  CH, .  CH, .  SO.H  (raD^oc,  ox; 
■/luXij,  gall),  is  very  soluble  in  water  and  alcohol,  and  when  boiled  with  | 
water  breaks  up  into  cholalic  acid  and  taurine  (p.  306). 

Glycocholic  Acid,  C„Hi,0, .  NH  .  CH, .  CO,H,  melts  at  133*,  or  I 
boiled  with  alkalies  it  decomposes  into  glycocoll  and  cholalic  acidl 
(p.  354).  ■ 

Cholesterine,  CnH.5.0H,  is  a  monohydric  alcohol,  occurring  I 
not  only  in  the  bile,  bul  in  the  blood,  in  the  brain,  and  in  the  yolk  of  I 
eggs,  also  in  wool-fat.  It  is  soluble  in  alcohol,  crystallize."!  in  mother- f 
ol-pear!  leaflets,  containing  iH,0,  and  possessing  a  fatty  feel.  It  parts! 
with  its  water  of  crystallization  at  100°,  melts  at  145°,  and  distils  at  J 
360"  with  scarcely  any  decomposition.     It  crystallizes  from  ether  in'| 


I 


Cholestene,  C„H„, 


ing  at  90"^  (B,  27,  R.  301),  is  formed  by  J 
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tbe  reduction  of  its  chloride.     See  B.  ag,  R.  906,  for  the  oxidation 
products  of  cholestcrine. 

Lanoline,  obtained  from  raw  sheeps'  wool,  contains  esters  of 
cholesterine  and  isocholesterine  (melting  at  138°)  with  the  higher 
fatty  acids.  It  is  applied  as  a  salve,  as  it  will  take  up  water  and  is 
absorbed  by  the  skin. 

The  ioap«  TMnUing  Inaa  the  lapaaificUioa  of  luialioe  were  found  to  contun 
Lanoctric  Acid,  CJH^^,  melting  mt  104°,  Lanepalminit  Aeid,  Cj,H— O^,  melting 
■t  87°,  mfiiitic  acid  (p.  250),  and  CamaHiaic  And,  C^,H^CI,  (B.  ag,  3890). 

Substances  similar  to  cholesterine  have  also  been  detected  in  plants. 
Phytosttrint,  isomeric  with  cholesterine,  is  present  in  plant  seeds  and 
sprouts  (B.  14,  187).  a-  and  1>-Amyrints  (B.  24,  3836)  obtained  from 
eiemiresin,  as  well  as  iupeol  (B.  34,  3709),  present  in  seed  shells  of  Im- 
pimu  Lulats,  are  similar  to  cholesterine. 


INDEX. 


AcECONiTic  acid,  519 
Acediamine,  270 

Acctaldehydc,  75,  195,  244,  295,  383, 

407 
hydrazone,  207 
Acetaldoxime,  206 
amide,  246,  265 
amidine,  270 
benzalhydrazine,  265 
bromamide,  265 
chloramide,  265 
dibromamide,  169 
guanamide,  412 
guan amine,  412 
hydrazide,  265 
hydroxamic  acid,  270 
imidoetbyl  ether,  269 
succinic  ester,  501,  530 

imide,  502 
tricarballylic  ester,  502 
Acetals,  124,  aoo 
Acetates,  245 
Acetic  acid  (glacial),  245 
amide,  265 
anhydride,  261 
ester,  255 
salts,  245 
fermentation,  244 
fungus,  244 
Acetines,  475 

Aceto-acetic  acid,  210,  37a,  402 
Acetoacetic  aldehyde,  319 

ester,  55,  321,  373,  377,  439 

semicarbazone,  405 
nitrile,  378 
Aceto-acrylic  acid,  382 

butyl  alcohol,  217.  388 
butyric  acid,  346,  38a 
chlorhydrose,  550 
glutaric  ester  502 
isobutyric  acid,  380 
nitrile,  268,  440 
propionic  acid.  379 
propyl  alcohol,  318 


Acetol,  317 

Acetone,  214,  246,  372,  472,  484 
alcohol,  317 
chloride,  102,  ai8 
chloroform,  214,  337 
diacetic  acid,  503 
dialkyl  sulphene,  218 
dicarboxylic  acid,  501 
dioxalic  ester,  538 
ethyl  mercaptol,  218 
glycerol,  476 
monocatboxylic  acid,  372 
oxalic  acid,  484 
phenyl  hydrazone,  221 
semicarbazone,  405 
Acetonic  acid,  337 
Acetonyl  acetoacetic  ester,  484 
acetone,  324 

dioxime.  327 
acetonosazone,  328 
urea,  402 
uric  acid,  402 
Acetoxime,  220 
Acetoximic  acid,  327 
Acetoxyl  oxamide,  436 

▼alerolnctone,  380 
Acetoxymalelc  anhydiide,  495 
Aceturic  acid.  356 
Acetyl  acetoacetic  ester,  484 
acetonamine,  319 
acetone,  323,  400 
bromide,  259 
butyryl,  322 

methane,  324 
carbinol,  317,  476 
chloride,  119,  165,  259,  484 
cyanacetic  ester,  499 
cyanide,  370 
dibromacrylic  acid,  383 
disulphide,  262 
ethyl  carbinol,  317 
formic  acid,  369 
formyl,  32 1 
glutaric  acids,  502 
glyoxylic  acid,  484 
iodide,  259 
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Acetyl-isobatjrryl,  322 
isocaproyi,  322 
isocyanate,  418 
isovaleryl,  322 
lactic  acid,  340 
kcvulinic  acid,  380 
malonic  acid,  499 
methyl  carbinol,  317 

ethyl  ketone,  322,  324 
nitrolic  acid,  371 
propyl  ketone,  322 
mucobromic  acid,  365 
propionyl,  322 

hydrazone,  328 
methane,  322 
osazone,  328 
pseudo-salphocarbamide,  410 
pyroracemic  acid,  484 
sulphide,  262 
urethane,  394,  418 
Acetylene,  82,  95 

alcohols,  132 

dicarboxylic  acids,  96,  468 
dichloride,  105 
dinitro-diurelne,  400 
diurea,  400 
glycols,  297 
tetrabromide,  104 
tetrachloride,  103 
Acetylidcne  dichloride,  105 

tetrachloride,  103 
Achroodextrine,  578 
Acid  albumins,  583 
amides,  262 
anhydrides,  259 
chlorides,  257 
decomposition  of  acetoacetic  ester, 

375 
of  oxal- acetic  ester, 

499 
esters,  253 

haloids,  257 

hydrazidcs,  265 

nilriles,  266 

peroxides,  261 
Acidyls,  544 

Acidyl  thiocarbimide,  425 
Aconic  acid,  495 
Aconitic  acid,  518 
Aconit-oxalic  ester,  539 
Acridine,  74 
Acriie,  541,  588 
Acrolein,  208 

ammonia,  208 
bromide,  208 
Acrose,  587,  208 
Acrylic  acid,  280,  334 


Actirity,  optical,  46,  67 
Adenine,  516 
Adenylic  acid,  584 
Adipic  acid,  454,  538,  569 
Adonite,  534 
Agave  americana,  576 
Agarose,  576 
Alacreatin,  412 
Alanine,  356 
Albuminates,  580 
Albumin,  crystallized,  581 
Albuminous  bodies,  583 

coagulated,  583 
Albumins,  583 
Albumoses,  583 
Alcohol  acids,  329,  479,  485,  521,  527, 

529.  564,  567»  569*  571 
Alcoholates,  124 

Alcoholic  fermentation,  120,  547 

Alcoholometer,  123 

Alcohols,  109,  289,  469,  519,  533,  540 

conversion  of  primary  into  sec» 

ondary    and   tertiary,    Ii5t 

116 

Aldazines,  535,  546 

Aldehyde  acids,  363,  568 

alcohols,  315,  477.  520,  534, 

.  542 

alkylimides,  161 
ammonia,  124,  205,  402,  407, 

408 
chloride,  201 
cyanhydrins,  350 
dihaloids,  201 
form,  319 
halohydrins,  202 
haloids,  102 
hydrazones,  207 
imides,  192 
resin,  196 
Aldehydes,  39.  53,  187.  224 
Aldehydo-galactonic  acid.  569 

ketone  carboxylic  acids,  483 
ketones,  321,  479,  547 
Aldines,  319 
Aldo-heptoses,  553 

hexoses,  548,  557 
monoses.  553 
octoscs,  553 
pentoses,  534 
Aldol,  213,  316 

condensation,  193 
of  diacetyl,  520 
Aldnximes,  206 
Aliphatic  substances,  77 
Alkali  metal  alkyls,  184 
Alkanes,  79 
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AUcarsine,  177 

Alkelnes,  3oiS 

Alkenes,  89 

Alkines,  95 

Alkyl-acetoacetic  esters,  377 

Alkylamines,  159 

Alkyl  ammonium  compounds,  159 

cyanides,  266 

disulphides,  150 

dithiocarbamic  acids,  407 

succinic  acids,  444 
Alkylen  diamines,  311 
imides,  313 
nitrosates,  319 
nitrosites,  319 
oxides,  298 
Alkyl  haloids.  138 

hydrazines,  X7X»399 
hydroxylamines,  172 

phosphorus  compounds,  173 
Alkylens,  89 
Alkyl««,  79 
Allantoln,  504 
Allanturic  acid,  504 
Allene,  89,  98 

tetracarboxylic  acid,  533 
tricarboxylic  acid,  519 
Allium  sativum,  150 
ursinum,  149 
Allocinnamic  acid,  50 
Allo-crotonic  acid,  282 

isomerism,  50 
AUomucic  acid,  571 
Allophanic  acid,  403 
Alloxan,  508 
Ailoxanic  acid,  509 
Alloxantin,  509 
Allyl  acetic  acid,  284,  346, 481 

alcohol.  130,  131,  208,  277 

amine,  169 

cyanamide,  426 

cyanide,  54 

ether,  136 

ethyl  ether,  143 

haloids,  106, 142 

iodide,  53,  99.  143,  277,  473 

isosulphocyanic  ester,  423 

nialonic  acid,  284,  457 

mercnptan,  1 49 

mustard  oil.  54,  425,  130 

rhodonate,  54,  I43i  4*3 

succinc  acid,  467 

sulphide.  143.  150 

sulphocaibamic  ethyl  ester,  406 

sulphourea,  409 

trichloride,  472 

urea,  399 


Allylcne,  97,  99,  215,  465 
Allylin,  476 
Aluminium  alkyls,  186 

carbide,  81 

ethylate,  124 
Amalic  acid,  510 
Amber,  443 

Amid-chlorides,  223,  268 
Amides,  acid,  262 

cyclic,  357.  359 
Amido  acetal,  316 

acetaldehyde,  316 
acetic  acid,  354 
acetoacetic  ester,  483 
acetone,  319 
alanine,  361 
barbituric  acid,  507 
butyric  acids,  358,  359 
ethyl  alcohol,  124,  309 

sul phonic  acid,  306 
fatty  acids,  351 
formic  acid,  393 
fumaric  acid,  495 
glutaconic  acid,  495 
glutaramic  acid,  493,  501 
glutaric  acid,  494 
guanidine,  415,  550,  576 
hydracrylic  acid,  481 
isethionic  acid,  306,  31 1 
isobutyric  acid,  219,  357 
succinic  acid.  486 
valeric  acid,  358,  357 
lactic  acid,  481 
malonic  acid,  486,  497 
malonyl  urea,  507,  513 
methylene    acetoacetic    ester, 

483 
malonic  ester,  494 

methyl  triazole,  415 

paraldimine,  206 

propionic  acid,  206,  356,  448 

propyl  methyl  ketone,  319 

pyrotartaric  acid.  49 1 

succinic  acid,  489 

tetrazotic  acid,  415 

thiazoles,  408 

thiolactic  acid,  347,  371 

uracil.  513 

valcraldehyde,  317 

valeric  acid,  359,  581 

valtrrolactone,  380 
Amidoxiroe.^,  223,  271 
A  m id  ox y  I  nitriles,  206 
Amines,  160 
Amino-dioxypurin.  516 

[Amino-ethan-acid],  354 
Amino-ethanal],  316 
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AniDO-elhidene  tuccink  e*t«r,  495,  501 
succinimide,  495,  501 

fattj    icidi     (see      Amido-fatt; 

[g-AinrDo-Donanic  acid],  3S5 
Ammelide,  427 

Ammeline,  417 
Ammonium  carbonate.  394 

cyaoBte,  417 
Amniotic  liquid.  575 
Amygdalio.  318,  543 
Amy)  alculiol,  6ti,  117 
glycideelher,  477 
haloids,  140 
Amjlene  glycol',  296 

hydrale,  94.  i»9 
k  Clone  aiiilide,  310 
nitrolBTiiline,  330 
Amylenei,  94,  137 
Amylo-dextrine,  578 
Amyioid,  579 
Amjlum,  577 
Amytines,  588 
Analyiij.  elementaty.  iS 
Angelica  archangelica,  248,  283 

Angelic  acid,  50,  383 

Anhydrides  of  caiboxylic  acids,  259,338, 

4:8 
Anhydro-enneaheptite,  543 
AniIido-bulyro-la>  lam.  449 
ler.  363 


rcblort 


pyrotarlai 


i,  491 


— ™ide,  449 

Aniline,  161 .  492 

Anil-pyruvic  acid,  371 
uv.tonic  acid.  371 

Anim.il  suUlances.  ;So 

Andicmis  noiiilis,  283 

AnlliTactne,  74,  75 

Antifoini,  445 

Anliinony  alkyl  compnundi,  I79 

Aniipyrin.-.  256,  363 

Aiililnrt.nric  ncd,  526 

Apocnffelne,  515 

Aqii!)  imygdilHTum  amarararo,  22! 

Aral.ic  acid.  578 

Ariibin,  578 

Atabinose,  534.  536 

carboiylic  acid,  566 
diacctamidc,  536 

Arahile.  1 07,  534 

A.alx,nicacid.5i7 

Atacliiilic  uci<l.  249.  ijo 

Arachis  bypogia,  285 

Argininc,  581 


A^ol,  S25 

Aromatic  substances,  78 

Arsenic  alkyl  campouads,  I7S 

esters,  I47 
Arsines,  175 
Ariinic  acids,  178 
Anonic  acids,  177 
Asparacemic  acid.  489 
Asparagiae,  49.  4S9.  490 
aldehyde,  581 
Aiparacinimide,  490 
Aspartic  aCid,  490,  50I,  581 
Asphallum,  87 
Asymmetric  carbon  atom,  46 
Asymmetry.  •' 


relati 


.  49 


Axial  symmelcic  configuratioi 
Aietaic  acid,  285.  455 
Azide  carbonic  rstcr,  389 
Azimctliylene,  206 
Aiin-succinic  ester.  527 
Aio-dicarbon  ami  dine,  415 

form  amide,  405 
formic  acid,  405 
o»aioles.  3*7 
lelraiole.  415 
Azulmic  acid,  437 


BACltLUS  acidi  l.efoUcliei,  336 
boocopricus.  247 
buiylicus.  473 

subtilis,  247 
Bacterium  accti,  2,14 

Baldiiaoic  acid.  24S 
iiarbitiiric  acid,  506 


lieckm 


1.579 


llehenoiylic  acid,  288.  484 
Kenialdehyde,  75.  Zz8,  258 
Itenzal- glycerol,  476 


Btnzal-licTulimi:  »c\A,  380 

BromalcohoUle.  1*4,  198 

semiorliBiiile,  405 

allyl  alcohol.  131 

Beiiiene,  74,  96.  513 

aiiilicacid,  317 

aiocyaoBcelic  ester.  499 

buljUmine,  311 

iulphonic  acid.  iJS 

bulyl  melhyl  kelone,  II7,  318 

Bentoicacid,  117.  123.354 

butyric  acids,  3S1 

Ueruoin.  408 

cinnamic  acids,  50 

crolonic  acids.  281 

Ueniosaiones.  546 

ethane,  101.  114,  141 

Benwyi  chloride.  as8 

elhincs,  104 

elycocoil,  354 

ethyl  amine,  311,  404.  4I» 

maton-c  acid, 486 

pipcridinc,  359 

phlhalidiide,  3".  359 

Beniyl  isonilroso  aeelone.  336 

elhylene.95.  lor,  30a 

BeVberis  vulgaris,  4E7 
Beiyllium  alkyls.  184 

imidocarlwnic  acid  esler.  404 

BetalHC,  310,  348 

laclic  acid,  340 

aldehyde,  316 

la^rulinic  acid,  381,  S^ 

Beta  msritimB,  573 

malelc  acid.  451,  464 

yulgaris.  310 

malonic  acid,  440 

mcwconic  acid.  464 

Ui-iodu-acetacrylic  acid,  3S0 

melhicrylic  acid,  4S> 

Bilineorine,  309 

melhyl  clher  acid,  3oa 

rubin.  587 

nitroelhane,  157.204 

Trrdin.  587 

form,  159.  383. 38? 

Bioses,  573 

propane.  157.  J04 

urelhane,  157.  204 

dimethylazimelhylene,  Z30,  40$ 

cenwlhic  acid.  346 

hydrazine  carbonyl.  40s 

oleic  acid.  185 

Bisraulh  alkyls,  179 

pimclie  eater.  492 

Biuret.  403 

pruplolic  ester.  287 

reaction,  582 

proiBonic  esler,  ijs.  501 

Blood  color,  585 

propyl  amine.  311.  404 

methyl  ketone.  318 

relation  lo  cons.iluiioo,  64 

phll»limide.  359 

Boletui  ednlis,  550,  $76 

luccinicacids,  381.45".  5*6 

Bombyx  proceuiouea,  »5 

succinyl  bromide,  4(8 

Bone  dl,  SS6 

irinilromelhanc,  387 

tissue,  5S6 

valeric  acid,  346 

Boric  esters,  147 

Bromal.  114,  198.  340 

Bomcol.  568 

Bromalides,  340 

Boron  alkyls,  180 
Brain,  476 

Bromhjdrin,  474 

Brandy.  121 

Braaaidicacid.SO,  9B6 

370.  386 

Krosiylic  acid,  2S6,  455 

picrin,  1S9.  387 

Uromxrlal,  aoo,  316 

Bunte'ssalt,  153 

■celaldehyde.199,  316 

Bulalanine,  357 

■celic  acids,  27s 

BulaDall,  196 

iiutan-di«n],  99 

■celol,  115 

Hulandiol],  196 

acetone.  317 

«celonime.  319 

Butane  diacid  chloride].  446 

■celvlbromide.  log 

Butane  heplacnrboiylic  ester,  539 

acelylene.  106,  288 

penlacarboiylic  acid, 539 

•celylurea,  400 

tetracarbonylic  acid,  532 
tricarboxylic  acid.  518 

•crylic  acid,  sSl 

SO       - 

OtfTelM,  aSS-SiH-SiS 

Butanol  diacid],  487 

Cjffinic  acid.  515 

Bulanols],  iz6 

Caflblin,  SIS 

Calcium  carbide,  97,  204 

liuunon],»?6 

glucuronic  acjd,  569 

But«noiidi«;idl,499 

phoronc,  221,453 

lutdiCn  cubonylic  acid,  z8S 

Camphoionic  acid,  445.  51S 

[Buline],  98 

Bulyl  aeeiic  (wid.  249 

Cnarine,  422 

Caoutchouc,  99 

■celjrlcDe  orboxylic  acid,  288 

Capric  acid,  ajo,  356,  265 

aicuhols,  ia6,  ao8 

aldehyde,  196 

nldEhyde,  126,  ige,  308 

Capri  none,  215 

.mm=.  .67 

Caproic  acid,  ago-  259,  265 

bromide,  140 

Caprolactooe,  346,  493 

chloral,  116,  199,  477.  5*8 

carboxylic acid,  494 

aldol.  477 

Caprone,  215 

chlorides,  I40 

Caprytic  acid,  250,  265,  268 

glyceric  add,  480 

Caprylone.  215 

glycerol,  473 

iodide*,  140 

Caraooel.  574 

laclinic  acids,  337 

Carbamic  acid  aiide,  396 

chloride,  396 

nilramines.  171 

ester,  394.  403 

niirile,  I44 

byilrande,  405 

pscudonitiol,  15S 

thiol  acid,  406 

sulphide,  149 

Carbimides,  396,  39M.  5^5 

Bulyiepc  glycol.  296 

hydriile,  116 

urea,  507 

Buivlenes,  8g,  91,  126 

Carbamide,  389 

Butylidene  acetic  acid.  284 

CarLethoi.yloxycrotonic  ester,  362 

Bulycic  acid,  247,  356,  l6i,  165,  268 

Carbinol,  57,  117 

fcrmenwiion,  548 

Carbmethoxya II lido  propionic  ester,  44S 

Butyroln,  297,318 

Carbocyclic  compounds,  78 

Bulyro  laclom,  360 

Carbodiimide,  55,  426 

lactone,  276,  345,  360 

Carbohydrates,  572 

carhoxylic  acid,  346,486 

Carboliydr.iiide,  405 

Dilri:e.  Z68 

Butyrone,  216 

Carbon  atoms,  asymmelric,  45.  68 

Biityrono«ime,  220 

Butyryl  butyric  acid,  382 

catbocyclic,  78 

chloride,  259 

optically  active,  46, 

cyanide,  371 

67 

formic  acid,  370 

saturated.  38 

untaturaled,  38 

delemiination  of,  19 

dioxide,  122.  226,  244,  383,384 

disulphide,  390 

Cacao,  514,  515 

diihiul  acid,  389,  39I 

Cacodyl,  178 

Imkage,  multiple.  Jl 

compounds.  177 

siiiCle.  37 

hydroxide,  1 77 

Carbonic  acid  (see  Cnrbon  dioiide). 

Cadaierine.  313 

cyanides,  416  ' 

Cadet's  Fluid,  176 

est.rs,  386 

Caffeidine,  515 

Carbon  monosulphide,  236 

carboiy lie  acid,  515 

muDotbiol  acid,  3S9,  391 

^^^^^^^^^^^^^^^^H 

^^^^^^^^^fe^^^^^^l    ^^^1 

^^^^^^™                                                                               59^^! 

Csibon  moDoride.  75,  76,  81.  127,  ajj, 

Chelidonic  acid,  496,503.538 

384.  433 

Chtrry  gum,  579 

decomposition  of  di- 

Chilin,  586 

Chitonic  acid.  567 

5.8 

Chilosan.  586 

Chlor-acelal,  197.  «»,  316 

II  lace  tic  esiefi  499 

ocetoldehyde,  199,  316 

hemoglobin,  5S5 

acetic  acids,  374.  501 

nicltel.  236 

aceto-a«ticesler,378.438 

polassiiim,  236 

aeetol,  117.  300 

€Wvbromi<ie,  389 

acetone.  216,  317.  376,  4S4 

onychloiide,  75.  38B 

acelo.ime.  319 

biomide,  389 

acetylene,  106.  388 

oxjsulphide,  390,  424 

acetyl  urea.  400 

tetrachloride.  3S6 

acrylic  acid,  38l 

Cwbonyl  chloridr,  38a 

alide,  198.381,  340 

diurea,  404 

alimide.  Z06 

C«rbo-pyrotriwrl«ric  ester,  519 

allyl  alcohols,  I3I 

thiaeeloQliie.  409 

alose,  550 

Ihialdine,  407 

valerolacione  caiboxylic  acid,  487 

anilic  acid,  317 

lacLonic  acid.  494 

brommalelc  acid.  464 

Corboxethj'l-pseudo-lulidOBtyril,  496 

butane-hepta  caitniiylic  ester.  539 

lliiocarbimide,  425 

buly!  aldehydes,  199,  3o8 

Carboxy!  group ,  131 

amine,  311 

Carboxy-g.ilaclonic  acid,  571 

butyric  acids,  199,  376,  346 

carbonic  acid,  237 

Corboxylic   acids,   wturated,  322,   438, 

amide;  396 

516.53'.  539 

e«er.  388.  394.  4>4 

unsaturated,  276,  456 

carbon  thiol  elhyl  ester,  393 

„    .   .      .           „      518.533, 

cil  ram  alio  acid.  527 

citric  acid.  539 

Carbyl  sulphate.  307 

croton  aldehyile,  I99 

Carnaulm  wax,  257 

crotonic  acids,  SO,  381.375 

Carnaabic  add,  588 

cyanogen.  377.  4I0 

Carnine.  516 

ethanes.  103,  141.  301 

Casein.  5S1,  583 

elhenyl   tricarboxylic    ester.    517, 

aiiuioid.  jSo 

539 

^            Cellulose.  2II,  314,  579,  580 

eLhylamine,3ii 

^L            Ceralin.  586 

ethylene'.  105.  277 

^H          Cetatoma  sillqua,  Z47 

ethyl-iinido  fonnyl  cyanide,  438 

■           Ceresine.  SS 

luljibonic  acid.  306 

M            Cerin.  357 

formic  ester   (see   Chloi-carbonb 

Cerolic  aci<l,  130.  349.  351 

acid) 

eeryl  esler,  157 

fumaric  acid.  463.  525 

Cerotin.  119,  130 

glutaconic  acid.  467,  494 

Ceryl  alcohol.  130,  35I 

bydracrylic  acid.  340,  480 

Cetaceum.  357 

hydrin.  474 

Celene.  91 

iraido-carbonic  ester,  404 

Cetraria  islandica,  57S 

iKibutyl  methyl  ketone.  317 

Ceiyl  alcohol.  93,  tag,  357 

crotonie  acid.  281, 382,  496 

bromi  <e,  14a 

nilroso-acelone.  37I 

^                     cyatiide.  36S 

lactic  acid.  340.  477 

K                    ether.  136 

maleic  acid.  464 

^H                    iodide.  143 

malic  acid,  jij 

H                    sulphide.  149 

malonic  ester,  440 

J_., 

meibanc.  or  tnethyl  chloride,  141 
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'^  w'.'^r-iretliy]  ct'.er,  202 
niiruineiiianc,  157 
Chloral,  125.  197,  227,  340,  387,  477 
acetamiue,  265 
acetune,  318,  382 
alcoholate,  124,  198 
aldol.  477 
ammonia,  206 
cyanhydrin,  350 
ethvl  acetate,  198 
formamide^  227 
hydrate,  197,  198 
hydroxylamiDe,  206 
oxime,  206 
urethane,  395 
Chlorine  determination,  23 
Chloroform,  82 
Chlorophyll,  585 

Chloropicrin,  157,  166,  235,  383,  387 
Chloroxalethylin,  436 
oxethose,  136 
oximiiioacetic  ester,  438 
pentanpenta-carbonic  acid,  539 
perthiocarbonic  acid  ester,  393 
propiolic  acid,  287 
propionic  acid,  199,  275,  341 
propylene,  106,  277 
propyl  aldehyde,  199,  208 
succinic  acid,  45i.  53*f  539 
sul phonic  acid  ester,  146 
theophylline,  515 
thioncarbonic  acid  ester,  393 
trinitrobenzene,  165 
▼alerolactone,  380 
Cholalic  acid  (cholic  acid),  306,  587 
Cholestene,  587 
Cholesterene,  587 
Cholestrophane,  505 
Choline,  309 
Chondrin,  586 

Chondroliic  sulphuric  acid,  586 
Chromogen,  65 
Chromophorous  group,  65 
Cinchomeconic  acid,  530 
Cmchonic  acid,  466,  530 
Cinchonicine,  68 
Cinchonine,  68,  524 
Cincolic  acid,  527 
Cis,  51 
Citracclic  acid,  519 

brompyrotartaric  acids,  451,  452 
chlor[)yrotartaric  acid,  451 
conic  acid,  76,  97,  464 
Citral,  209 
Citramalic  acid,  527 
Citramide,  530 
Citrazinic   acid,  519,  530 


Ciiric  acid,  211,  2 1 4,  529 

LilrQ:.eiia.,  -:09 

Coagulate,  582 

Cocblearia  armonacia,  425 

Cocoa-nut  oil,  250,  252 

Cofielne,  515 

Cognac,  122 

Cola-nuts,  515 

Collidine,  208,  316 

Collodion,  580 

Comanic  acid,  496 

Combustion,  heat  of,  72 

Condensation  reactions,  193 

Conductivity,  electric,  70 

Configuration,  49 

Conglutin.  357 

Coniferin,  543 

Coniine,  47,  68,  99 

Constitution,  34 

Convicin,  509 

Conylene,  99 

Com  whiskey,  1 22 

Coumalic  acid,  362,  367,  467,  496 

Coumalin,  362 

Coumaric  acid,  50 

Coumarins,  488 

Cow  butter,  249 

Creatine,  413 

Creatinine,  413 

Crotonal  ammonia,  208 

Croton  alcohol,  208 

aldehyde,  199, 208,  295,  496 
oil,  283 
Crotonic  acid,  50,   53,   208,  276,  277, 

281,  342,  369 
Crolonyl  alcohol,  131,  208 
Crotonylene,  97,  98 
Crystal  alcohol,  123 

chloroform,  234 
Crystalline  lens  globulin,  583 
Cyamelide,  417 
Cyanacetamide,  440 

hydrazide,  440 

acetic  acid,  274,  440 

acetone,  327,  378 

amide,  55,4l,li  412,426 

amido  carbonic  acid,  403 

dicarbonic  acid,  403 
Cyanates,  417 
Cyancarbamic  acid,  403 

carbonic  acid  esters,  437 
Cyanethine,  268 
Cyanetholines,  417 
Cyanformic  acid,  354,  437 

glutaric  ester,  517 

guanidine,  414 
Cyanhydrins,  230,  350 
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Cvnnic  Bcid.  54.  4>6 

Desoialic  acid,  539 

eslers.  417 

Desoiyfulminuiii  acid.  139 

Cyanides  and  doul.le  cyanides,  730 

DcTJaiion  of  the  plane  of  polBtiialionr 

Cyanimldo-ciitbonic  acid  «5ler,  438 

67                                       "^ 

isuDitrosoacelamide.  Ijg.  499 

Dextrine,  111.578 

««ihydio»«niic«cid,499 

Ueitro-amyl  alcohol,  68,  laS 

butytic  acid.  484 

asparagine,  490 

malonic  HCid  eslet,  517 

■spartic  acid,  490 

CvanoroTiD,  517 

glyceric  acid,  480 

CyBin^eo,  76.  21S.  230,  354,  437 

lactic  acid.  337 

bromide.  421 

malic  acid,  4B7 

chlondc. 420,421 

mandelic  acid.  68,  69 

larlaric  acid,  68,  525 

370.  416.  436.  440.  449 

Deitroni*  acid.  S56 

hydride,  76,  166,  aJ5,  aaS. 

Ueiuose,  548 

416,411 

carbo.ylic  acid,  346,  S^ 

iodide,  421 

Diacetamye.  265 

auIpliidE,422 

D!BC=lm.475 

Cy«no.lhoformic«.«.437 

Diacelo  acelic  esler,  484 

o<imido  acelic  .cid,  498 

adipic  acid.  519 

bulyric  ttdid.  484,  5°' 

dimethyl  (rimelic  acid,  529 

propionic  add,  443,  446,  453 

fumaric  eMer.  SJQ 

succinic  esler,  517 

Elutaric  Mtcr.  519 

uramide,  427 

succinic  acid,  376,  528 

urea,  404 

Diacelonatnine, 319.319 

Cyanuric  acid,  419,  511 

Itiacelone  aicohol.  318 

bromide,  42I 

Diacetone-alh amine,  310 

chloride,42i.426,4a7 

Uiacelyl,  3aa,  484.  527 

i<>.iide.  411 

■celooc,  479 

creatine,  413 

Cycloace.oneB«peruxide,ilS 

cyanide,  370 

bulanc.  Sg 

dioiime,  327 

hepwoe.  89 

ethane,  323 

hexane.  89 

-ethylene  diBmine,  31Z 

hydrarone,  328 

paraffin*,  89 

osaione,  338 

r*nl«ne,  89 

«o.e,™«>ne,3*8 

propane,  89 

owHriaione,  338 

Cysleln.  347 

peotundioxime,  3a  8 

Cyslin.3^7 

penlane.  325 

Cyiromylci  plcfferianus  and  Ela'm,  5:9 

racemic  acid,  524 

larifltic  acid,  526 

urea;  401 

Diacelylene  dicarboxylic  acid.  468 

glycol,  297 

DkcAMETHVLKNE  diamine.  313 

Diacipiperaiinc,  3S8 

Decan-diacid],  455 

Dialdin.316 

Decandlon  diacidl,  529 

DialkyI  amidokelones,  3I9 

Dccanc.  86 

hydra.ineM7i 

Decylenic  acid,  284 

niiramine,  171 

Dehydraceicarboiylic  acid,  soa 

DiaUyl,  99,  520 

Dchydraceiic  acid,  376.  sai 

acelic  acid.  2S4 

DeJiydrochloralimide,  106 

acetone.  217,  aai 

mucic  add.  570 

dicarhoiy lie  ester,  HI 

undecylenicacid,  184 
Dtsmoliopy.  S6 

malonic  acid,  4C7 

urea,  399 

yjy> 
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Iji.i'.!;. !.::,  476 
I>>;alvi[  ic  aeii,  506 
Diamide,  171 
Diamido  acetone,  478 

caprotc  acids,  581 

malonamide,  499 

mesoxalamide,  499 

oxal-etbers,  436 

propionic  acid,  48 1 

p3rrazoIe,  440 

succinic  acids,  526 
[Diamino-butane],  313 

ethyl  disulphidechlorhydrate, 

sul  phone,  31 1 
'Diamino-hexane],  313 
DiaiDino-2-methyl  pentane],  313 
Diamino-octane],  313 
Diamino-pentane],  313 
^ianilido-succinic  acid,  526 
Diastase,  121.573,576,587 
Diazo-acetamide,  366 

acetic  acid,  171,  366.  458 
benzene  chloride,  438,  499 

imide,  468 
ethane  sulphonic  acid,  171 
eihoxane,  144 

fatty  acid  csttrs,  273,  366,  371 
guanidine  nitrate,  415 
methane,  207 
oxy  aery  lie  acid  ester,  586 
paraffins,  207 
propionic  esters,  371 
succinic  acid,  501,  526 
Diazoles,  321 

Dibenzal  carbohydrazide,  405 
Dibcnzoyl -ethane,  446 
Dibromacctaldebyde,  198 

acetic  acid,  275,  458 
aceto  acetic  ester,  378 
acetyl,  322 

acrylic  acid.  282,  452 
allylam'iie,  169 
barbituric  acid,  509 
butane,  303 
butyl  ketone,  217 
butyric  acid,  276 
caproic  acid,  381 
crotonic  acid,  28?,  288 
diketo-R-pentene.  381 
dinitromethane,  ;^^l 
ethyl  ketol,  478 
fumaric  acid,  4^)4 
glyoxime  peroxide,  238 
hexane,  303 
Dibromhydrin,  474 
ketone,  217 


Dibroml  ':\u!inic  aciJ,  3S1 

made  acid,  404 

aldehyde,  321 

malonic  ester,  440 

malonyl  urea,  499,  509 

methyl  acetoacetic  acid,  378,  465 
ether,  202 

nitroacetonitrile,  238 

nitromethane,  157,  235 

Ditroparaffins,  1 57 

pentane,  303 

propionic  acid,  208,  275 

pyroracemic  acid,  370,  483,  486 

stearic  acid,  286 

succinic  acid,  45 1,  457,  500 

soccinyl  chloride,  458 
Dibatyryl,  297,  3>7 
Dicarbamidic  acid,  403 
Dicarbon-tetracarboxylic  ester,  533 
Dicarboxyl-glotaconic  ester,  533 

glutaric  ester,  532 
DichloraceUl,  197,  198,  200 

acetaldehyde,  198,  340 

acetic  acid,  197,  274,  458 

aceto-acetic  ester,  378 

acetone,  217,  529 

acetontc  acid,  529 

acrylic  acids,  282 

butyric  acid,  276 

but  yro- lactone,  447 

crotonic  acid,  282,  288 

ethane,  102,  201,  302 

-ether,  136,  200,  316 

ethyl  alcohols,  125,  316 

ethylene,  105' 

glycollic  acid  ester,  434 

hydnn,  130.  217,  474 

isobutyl  ketone,  217 

isopropyl  alcohol,  474 

lactic  acid,  340 

malelc  acid,  321 

derivatives,  321 

malelniraide,  448 

malonic  acid  ester,  440 

methane  (see    Methylene  chlor- 
ide), 
monosulphonic      acid, 

235 
methyl  alcohol,  2^5 

ether,  1 18,  134,  20a 

sulphonic  acid,  393 

muconic  acid,  467 

oxalic  ester,  434 

propionic   acid,   275,    369,   466, 

410 

propylene,  199,  208 

succinic  acid,  451 
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Diffusion  process,  574 

diainide,  4">.4"4.4=7 

DifQnnin,475 

dininidiDe,  414 

Diformyl,  jjo 

hydride,  231 

DielhoKjBceloiie,  478 

bulyric  acid,  378 

Diglycide,  476 

milonic  ester,  498 

Diglycollamic  acid.  349 

succinic  ■cid,  jcjo 

amidicaeid.  356,403 

Dictbyl  Bcelic  acid,  249 

diniide,  355 

acelunimie,  z68 

DiglycoHic  acid,  339,  349 

ftcclylchloride.isp 

Uiglycollidc.  339 

acelylene    glycol    dipropionale, 

Diglycollimide.  349 

a97 

Di g lycoly Id i amide,  35S 

allyl  carbinol,  131 

Dihjloid  paraffin*,  102 

amido  acetic  acid,  356 

pnapanes.  303 

Dihydraiones.  32S 

amine.  167 

chlotboride,  165 

Dihydroxylene,  221 

clilorphosphide,  I65 

Di-iodo  acetic  acid,  a7S>  3^ 

chlorsilicide,  165 

aeelonc,  2I7 

bolyrolacLiine,  346 

acelylene,  106 

carbinol.  127 

acrylic  acid,  282 

cyanamidc.  426 

tumaric  acid,  464 

Di-iodohydrin,  474 

ethnne  telracarboiylic  cslcr,  S31 

ethylene  lactic  acid,  341 

methyl  ether,  203 

glycollo-nilrile,  350 

rii-isethionic  acid,  306 

hydantoln,  402 

Di-iso  amylene.  94 

hydroiine,  171 

bflylglycollic  acid,  317,  338 

hydroxylamiae.  17a 

nitrosQ  acetone.  479 

ketone.  216 

butyric  ester,  4S4 

propionic  acid,  483 

nitrosamine,  I70 

yaleiic  acid,  4S4 

oxalic  acid.  249 

Di-i»o-propyl,  85 

oxalo  nitrile,  349 

glycol,  2(17 

oxamic  acid,  435 

ketone,  215 

oxamide,  436 

oxalic  acid,  338 

oxe,one.478 

Taleral  glutaric  acid,  468 

oxybutyric  acid,  342 

valeryl,  197 

Dikelobutane,  322 

methyl  etliyl  methane. 

bmyric  acid.  484 

2t8 

heiametbylcne,  443 

sulpbo  urea,  409 

pipeiaiines.  358 

Ihiourea,  409 

teiraorboxylic  acids.  S72 

valeric  acid.  484 

cbToride,  396 

DIketone  carlMxvlic  acids,  572 

Diethylene  diamine.  314.  358 

dichlorides.  322 

Dilaciyl  diamide,  358 

sulphine   ethyl 

Dilaclylic  acid.  339 

iodide.  305 

Dila;vulinicBdd,S29 

di^iilphone.  305 

Uilituric  acid.  507 

glycol,  395,  298 

Dimalonic  acid.  53! 

imidc  oxide,  310 

Dimethyl  (see  Ethane) 

oxide,  29S 

aceial.  200 

sul  phone.  305 

acetic  acid.  247 

telrasulpliide,  305 

acetylene.  99 

Diethylin,  476 

acrylic  acid,  284 

6oo  im 

Dimelhjl  «11eiic,  97 

■lloxui.  50G,  509 
kllyl  cari'inol,  Ijt 
■roido  ■celooe,  319 
•mine,  167 

iodide.  169 
angelical  ictone,  361 

Miconic  acid,  466 
aiiethane,  318 
bi  1th  ydraii  methylene.  338 
hutyro  lac  tone,  346,  537 
caibtnul,  115 
coumalic  acid,  496 

cyanuric  acld,4ZO 
diacetylene,  99 

dichlorauccinlc  anhydni1e,466 


leihyl  ai 


,  16S 


dihydroxyliept«methylene,3l5 
dikelone  (see  Uiacetyl). 
dinilro  butyric  acid,  37S 
ethane   letracarboxylic    esler, 


carbinol,  127,  129 

ethylene  oxide,  299 
Turuane.  3lS 
glijLaricatids.4S4 
glycidic  acid.  4^1 
glyoxime,  jj8 

(icroiide,  328 
hydanloln.  402 
by  pox  an  111  inc.  516 
indol,  3S1 

acetic  add.  381 
isocyanuric  acid.  430 
isoprojjyl  ethylene -lactic  ai 
342 


isoxazole.  328 


Wvulinic  acid.  381 
malonic  acid.  3S1.  443 
methylene  dithioylycolli 


oxamide,  163,  435,  436 


Dimethyloxelone,  317,  478 

oiiniidoiDeiaKalBmide,  498 
oiyadipic  acid.  527 
parabanic  acid,  506 
{Mperidine,  169 
[Oinelhylpropan-acid],  349 
propyl  methane,  8j 
pyrazine,3l9,  473 
pyrene,  479,  521 
pyridonr,  363 
pyno'idine.  315 
racetnic  acid.  369,  517 
aaccininil,  449 
luccinic  acid,  445 
luccioitnide,  449 
tuccinyl  chloride,  446 
tbetine,  348 
Ihiosemicarbaiide,  410 
(biourea,  409 
urea  chloride,  396 
lalerol  acton  e,  346 
xanthine,  514 
Dimyricyl,  BG,  130 
Dinitro-lirom  benzene.  165 
caproic  acid.  37S 
dimethyl  aniline.  167 

ethylicncid.  1S5 

glycoluril,  400 

paraffins,  154,  204,  212.  219 

propane,  155,  248.  308,  313 

stilbenes,  50 
Dioclyl  acetic  acid,  249 
Diolefine  alcohols,  13Z 

nioxato  succinic  aci^l,  571 
I;ioxelhylamine,  308,  356 
■■      mes.  327.528 

mido  butyric  acid  ester.  4S4 

hvperonid -succinic  acid,  528 

vileric  acid,  483 
Dioxot:eheiiic  acid.  2SS 

ic  acid,  484 

amines.  358 

IC  acid.  288 

ic  acid,  4^ 
Dioxyacetic  acid,  363 
acetone,  478 
behenic  acid,  481 
bcniopdenone,  75 
bulyiic  acid.  480 
dimelhyl  glularic  ncids,  527 
ethylene  succinic  acids,  521 
rumaiicacid,  525,  528 
Rlul     ■  ■ 


giuianc  acia,  S27 
ilobutyric  acid,  4S0 
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I)io\visoct\  lie  ac  id,  480 

kcU>iie-dicarbox)lic  acids,  538 
nialonic  acid,  497 
oletine  dicarboxylic  acids,  528 
oxosuccinic  acid  ethyl  ester,  528 
propane  tricarboxylic  acid,  538 
propionic  acid,  480 
propylamine.  167 
prop\lmalonic  dilactone,  527 
quinone    dicarboxylic   acid   ester, 

528 
stearic  acid,  285,  481 
tartaric  acid,  401,  485.  525,  527 
tricarballylic  acid,  538 
undecylic  acid,  481 
valeric  acid,  480 
Diphenyl  bispyrazolon,  528 
bulyrolactone,  446 
oxytriazine,  405 
Dipropargyl,  99 
Dipropionyl,  297 

cyanide,  371,  486 
Dipropyl-acely  lene  glycol-dibutyratc,  297 
carbodi-imide,  426 
cbloramine,  169 
glycollic  acid,  3 1 7,  338 
ketone,  216 
nitramine,  171 
Dipyrazolon  derivatives,  528 
Disaccharides,  573 
Disacryl,  208 
Disodium  glycollate,  295 
Dissociation,  71,  524 
Distillation,  fractional,  64 

under  ordinary  pressure,  63 
reduced  pressure,  63 
Disul phone  acetone,  218 
Disulphonic  acids,  204 
Dithio-acetal,  204 
acetone,  218 
carbarn ic  acid,  407 
carbazinate  of  diammonium,  410 
carbonic  acid,  389, 391 

ethylene  ester,  391 
cyanic  acid,  422 
diamido  dilactic  acid,  347 
dieihylamine,  165,  170 
dilactylic  acid,  347 
dimethylamine,  170 
ethyl  dimethyl  methane,  218 
glycol.  304 
methanes.  407 
tetra-alkyldiamines,  170 
ethyl  diamines,  170 
Diurea,  405 
Divinyl,  99,  519 
Docosane,  86 


Dodccanc,  86 
Dodecylene,  92 
Dotriacuntane.  86 
Double  acid  amides,  cyclic,  357 
Dulcitol,  120,  541 
Duroquinone,  323 
Dynamical  isomerism,  463 
Dynamite,  474 


Earth  oil  (petroleum),  87 
EbuUisiope,  123 
Egg  albumin,  583 

yellow,  475.  583 
Eicosane,  86 
Elaidic  acid,  50,  286 
Elaidin,  475 
Elastin,  586 
Elayl,  90 

chloride,  302 
Electricity,  action  on  carbon  compounds, 

76 

Electrolysis,  76 
Electrosyiithesis,  240 
Elementary  analysis,  organic,  18 
Elemi  re^in,  588 
Elution,  574 
Empiric  formula,  25 
Emulsion,  551,  573,  587 
Energy  isomerism,  463 
Enol  form,  55 
Enzymes,  587 
Epibromhydrin,  477 

chlorhydrin,  340,  477,  482 

ethylin,  477 
Epihydrin  alcohol,  476 

carl )Oxy lie  acid,  481 
Epihydrinic  acid,  481 
Epiiodohydrin,  477 
Equivalence  of  the  carbon  bonds,  38 
Erlenmeycr's  rule,  53,  319 
Erucic  acid.  50,  286,  481 
Erythren,  99 
Erythrin,  520 
Erythrite.  107,  126,  520 
Erythritic  acid,  521 
Erytbro  dextrine,  578 
glucic  acid,  521 
glucin,  520 
Erythrosc,  520 

Ester  formation,  reaction  velocity,  253 
Esters,  133,  136 
Ethal.  129 

[Ethan  acid],  243,  261 
Etbanal],  195 
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vn 

Hi^^l 

^K  601                                                  ^1 

^H       rEl1»niil  acid],  316 

Eihoiy-cblorbutane,  301 

^H       [EiUinal  amjnel.  364 

fumarie  acid,  495 

^H       I-:i1i»ie,«l 

isocniCQnic  ethyl  ester,  36a 

^H                     tFlracnrbaxj'lic  acid.  443<  SS'- 

malelcaddMW^^^^,^^^    ^ 

^H                573 

^V                         IncrbDiylic    acid,    44J.     517, 

""tfUceto'e,  47« 

H                           S3I 

malontc  ester,  494 

Elhan-diacidj.  43J 

pyridine,  363 

Eihao-dial],  310 

Elhoxyl-jceloacclic  ester.  48a 

Eth«t.-diDfirile],437 

amine,  173 

Ethaii-dioll.294 

chlotaceloiicetic  esler,  482, 521 

Ethan-niirilel.168 
Kthonol],  118 

bomccitiic  add,  456. 486 

oial  acetic  ester,  517 

Eihwiol  nitrik],  350 

propiunic  acid.  338 

Ethanoy!  chloride],  359 

Ethyl  acelaldehyde  hydmiiiK,  107 

Elhanlhiol  acid],  J47 

acetouetic  acid,  3 18 

Ethene],90 

acetoglularic  acid.  503 

:tbFnyl  Kmirfinc,  270 

acelylbulyric  add.  382 

^H                     amiiloiiine,  271 

acctyleoe.  97.98 

^H                     radical,  132 

carboxylic  acid.  28S 

^H                     rricarboxj-lic  ester,  517.  S39 

alcohol,  8a,  118.  134,  243 

^H^                    trichloride,  103 

aldehyde  (see  Accuidehjdc), 

^B     Ether,  134 

amidojaleric  acid,  359 

^^B                  Bcellcus.  25s 

amitie,  tiS,  167 

^^H                bromatui,  141 

benihydroximc-acetic  acid,  350 

boric  acid,  180 

^^H             '  mixed,  131 

bromide,  141 

^V                   isiniple.  13Z 

butyrolactone.  346 

^^B                  lulpliuHc  acid.  144 

caprolactone,  346 

^H       [l^thine],  05 

^^1        Elhionic  acid.  307 

carbamic  ester,  394 

carbonic  acid,  386 

^H      Elhidene  aceloacelic  ester,  381 

carbylaniine.  237 

chlor-eiher,  301 

chloride.  83. 119,  I4I 

chlormi.loilic  ealet,  4S6 

^H                     chlorhydrin  acelale.  Z02 

cyanamide.  42G 

^H                     chloride,  91.  loi,  443 

cyanide,  26S 

^^H                     di acetate,  302 

diacetnmiile,  265 

^H                     diacetic  acid,  453 

diacctoacetic  ester,  484 

^H                     diethyl  »tcr,  200 

^^H                                 sul|>ho>ie.  Z04 

di-salphide,  150.  261 

-ethane  tetracarbox  J  lie  acid,  531 

^^M                     dimethyl  ether.  100 

ether.  134 

^^H                     disuIphoDic  acid,  304 

ethylene,  94 

^M                     dilhiaglycollic  acid,  347 

fumaiic  add,  379,  465 

^H                     diurelliane,  jgs 

glularic  acid,  453 

^H                     glycol,  199 

glytidic  ether.  477 

^H                   i<>dide,  201 

glycol  acelal,  316 

^H                     lactic  acid. 335.  349 

glycollicacid.  338.  366,  5J7 

^H                     malonic  acid,  37S,  457,  531 

^^M                     mercaplat.  204 

hydraiine,  171 

^H                     oxide,  19s 

sulphuric  acid,  17I 

^^H                        pbenylhydrar.ine.  207 

hydride,  82 

^H                      propionic  acid,  270,  284,  493 

hvdroxylaraine.   I71 

^H                      succinic  acid,  441,466 

hypochlorite.  147 

urcH,  400 

Imido  chlorcarbonic  acid  ester,  404 

mcrcaptin,  149,  406 
mercuric  hydroxide.  186 
melhyl  scel}'1( 


glyceric  acid,  iSo 
valcrolactone,  346 
acthylene  amine,  30J 


I 


mirate,  124,  143 
nitrite,  144 
nilroliciicid,  158 
ox&lic  acid.  4J4 

chloride,  434 
oiybutyiic  acid,  342 
piperidone.  360 
propylaCFtic  acid,  249 
siiCcinaldchyde-didKime.  337 
Slice  inimide,  448 
sulpbide.  149 
sulphite,  147 
sutphoacelic  kcid.  34S 
sulphocarbamic  ethyl  ester,  406 
.ulphone,  isi 
sulphonic  acid,  153 
sulphopropinnic  acid,  34S 
sulphoiidc,  151 
sulphurane.  305 

sulphuric  acid,  119,  114,  133,  14: 
lelronic  acid.  379 
thiocarbonic  acid,  391 
thioDimic  acid,  170 

sui  phonic  csier,  153 
nrea,  399 

chloride,  396 
Talcroloclnm,  360 
valerolactone,  346 
ylene.  76,  go 

bromide,  91,  301,  531 

chlorhydrin,  118,  393,  300 

chloride,  91,  303 

cyanhydrin,  350 

cyanide,  449 

diamine,  313.395 

diethylsulphide,  304 
aulphone.  305 

diroalonic  ester,  532 

dimethylsulphide,  304 


Ethylene,  elycot.  107.  294 
haloids,  302 

hydrinsulpbanie  acid,  306 
iodide,  302 
lactic  acid,  341 
mercaptan,  304 
methylene  ether,  298 

pseudo  urea,  404 

succinic  acid,  443 

sulpho  area.  409 

tetracarboijlic  ester,  533 

thiohydraie,  304 

Qiea,  400 

arethane,  395 
Ethylin,  476 
Euglena  viridis,  578 
Euxaalhic  acid,  568 
Evonymus  europicus,  473 


Fats,  153,  454.  475 

Fatty  acid*,  239 

synthesis — dc  com  poti  tion, 
251 
bodies,  78 
Fehling'swluiion,  545 
-"■   ■    acid,  587 

>.  587 
Fermentation,  122,  473,  547 

amvl  alcohol,  1 17 
butyl  alcohol,  126 
lactic  acid,  335 
Ferricyanide  of  potassium,  232 
Ferrocyanide  of  potassium,  23a 
Fibrins,  583 
Fibrin-ferments,  583 
globulin.  5 S3 
Filirinogen,  583 
Filter  paper,  Swedish.  579 
Fish  blubber,  87,  285 
Flesh.pieccs,355.4'3 

(mealjeitracl,  337,339.413 
Flnor-alkyls,  139 

cblorbromofonn,  235 
chloroform,  335 
Formal,  200 


Forn 


:.  wy 


disulphinic  acid,  306 
disulphonic  acid,  307 
elhenylamidine,  312 
elhideoe  ellier,  igS 


FoimBldoiime.  zo6 
glycerol,  476 
Formalin.  193 
Foonamide,  227 
Formamidine,  23Z 
Formates,  22ti 

aiyl  carboiylic  ■ 
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Glyceryl  chloride,  475 
Glycide,  476 

acetate,  477 
Glycidic  acid,  340,  481 
Glycin  (see  Glycocoll). 

anhydride,  355,  358 
Glycocholic  acid,  355,  587 
Glycocoll,  230,  354,  401,  510,  587 

amide,  355 
Glycocyamine, — cyamidine,  412 
Glycogen,  576,  578 
Glycol,  125,  294,  386,429 

acetal,  316 

acetate,  304 

aldehyde   (see     Glycolyl    alde- 
hyde). 

bromhydrin,  301 

carbonate,  386 

chloracetin,  304 

chlorhydrin,  125,  301 

di nitrate,  303 

ethyl  ether,  297 

nitrohydrin,  308 
Glycollic  acid,  124.  244,  274,  334,  364, 

429,  472 

amide,  349 
anhydride,  338,  339 

ethyl  ester,  339 

ester,  338 

nitrite,  350 
Glycollides,  339 
Glycolloglycollic  acid,  339 
GlycoU-sulphuric  acid,  303 

urelne.  400 
Glycol u(ic  acid,  401 
Glycoluril,  327,  400,  401 
Glycolyl-aldehyde,  125,  199,  295,  315, 

534. 
guanidine,  412 

urea,  401 

Glycose  (see  Glucose). 

Glycosides  (see  Glucosides). 

Glycosin,  321 

Glyoxal,   124,   199,  295,  aao,  400,  429, 

528 

acid  (see  Glyoxylic  acid). 

osazone,  328 

osotetrazone,  328 

Glyoxalines,  321,  322,  401 

G  yoxime,  321 

Glyoxyl-carboxylic  acid,  483 

Glyoxylic  acid,  1 24,  199,  224,  274,  295, 

364,  400,  429,  472 

Glyoxyl-isobutyric  acid,  483 

propionic  acid,  381,  483 

urea,  504 

Granulose,  577 


Grape  sugar,  548 

synthesis,  553 
space- isomerism,  560 

Green  malt,  121 

Groups,  39 

Guaiacol,  528 

Guaicol,  208 

Guanazole,  415 

Guaneides,  412 

Guanidine,  238,  384,  4x1 

Guanido  acetic  acid,  412 

carbonic  acid,  414 
dicarbonic  acid,  414 
propionic  acid,  412 

Guanimines,  412 

Guanine,  514 

Guanoline,  414 

Guanyl-guanidine,  414 
urea,  414 

Gulonic  acid,  566 

Gulose,  551 

Gums,  578 


H 

HiEMATIN,  585 

Haemato-chromogen,  585 

porphyrin,  58$ 
Haemin,  585 
Haemoglobins,  584 
Half-ortho-oxalic  acid,  434 
oxalic  ester,  434 
shadow  apparatus,   574 
Halogenides,  223 
Halogen  ketoximes,  319 

mononitro  parafBns,  154 

oleBnes,  104,  142 

paraffins,  99 
Halogens,  determination,  23 
Heat,  action  of,  upon  carbon  compounds 

73 
of  combustion,  72 

Hectograph  material,  473 

Heneicosane,  86 

Hentriacontane,  86 

Heptachlorethidene  acetone,  22 1 

Heptacosane,  86 

decane,  86 

methylene,  89 
[Heptan-diacid],  455 
Heptane,  86,  129 

fHeptanpental-diacid],  571 
Heptantrion],  479 
Heptenyl  amidoxime,  271 
Heptinic  acid,  482 
Heptolactones,  346 


6o6  IN 

Heptyl-scetale,  9j 

alcohol,  119 

Heplylic  acid,  250 

muitaid  oil,  435 
ItenicUuiii  gieanteuTD.  143, 147,  is6 

sphondjiium,  129,  243 
Hespetidine,  536 
HdcTocrclic  compouDdi,  7S 
Hctero»Dlhiii«,  5I4 
Hexachlorbenicne,  100 

dikelo-R-hexeae,  463 
elhanc,  loj 
Hexaconlane,  84 
decsne,  86 
dec>l  Bicofaol,  139 
decylene,  257 
di'indiol,  297 
eihyl  mel amine,  42S 
hfdrobeniene,  89 

pyraiine,  314,  358 
xylene,  88 
iodobenzeae,  I06 
melhyl  benzene,  98 
methylene,  89 

bromide,  303 
diamine,  313 
glycol,  296 
lelracarbo  11  y  lie     acid , 


;.  JOS 


532. 

mclhyt  melamine,  428 
KBiie,  t(4.  85,  86 
exan-diacid],  4S4 


Hexe 

Heie 


midoxii 


;,  271 


:  acid.  4S1 
Heiiies  540.  557 
Heionic  ncids,  557 
Heioscs.  543.  555 
Heiyl  alcohol,  129 

butyrolaclone,  346 
Hexylene  glycols,  296 

Heiiyl-ery(hrol,99,  520 
Hexylic  acid«,  250 

iodide,  140,  540 
Hippuricacid,  354,  SIO 
Moitmann's  anodyne.  I3S 
Homo-aspartic  acid,  49I 


cholin< 


309 


K'A.  359, 360 
liTulinic  acid,  38 1 
Homologou*  series.  40 


llomopiperidic  acid.  359 

teq>cny1ic  acid,  493 
Hyali^eiis,  584 
Hydanlnin,  401,  412 
Hydanlolc  acid.  401,  412 
H yd raccl amide,  205 
Hydtacetylacelone,  ZI3,  221,  318 
Hydracrylic  acid,  295,  341 
Hydramines,  308 
Hydraii-acelic  acid.  366 

propionic  acid,  371 
Hydrazine  acelaldehyde.  316 
Hydrazido'tnesoialamide.  498 
Hydrazine,  I7I.367.415 

carbonic  ester,  404 
ureas,  399 
Hydrazino- fatly  acids.  361,  365 

nilriles,  20* 
Hydraio-dicarbonamide,  405 

dicarbonamidine,  415 

dicarbonic  acid,  405 

dicarbonimide,40S 

dicarbon  Ihio-amide,  410 

Tally  acids,  361 

thioallyl amide,  410 
Hydrazones.  207,    220,   328,  367,  371, 

546 
HydrBZOiimes,  32S 
Hydroaromatic  compounds,  77 
carbons,  ;8 

halogen  detivatiTesof.IOI 
chelidonic  acid,  503 
flavic  acid,  437 
Hydrogen,  addition,  39 

determination,  19 

Hydrolysis,  tzo' 

mu conic  acids.  467 
sotbic  acid,  284,  481 
Hvdroiamic  acids,  223.  270 
Hydroxy- ad i pic  acid,  494 
caffeine.  511.  515 
liTulinic    acids.    381,    382, 

483 
amine,  237 
Hydroiyl  acetic  acid.  350 

group.  40 

telramethyl  pipcridinc,  219 

HjdurilicBcid,  509 
Hy|iochlcrous  ocid  cslcr,  147 
Hyp"p:vic  acid,  zKs 
Hypoxanlliine,  513 
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lULTE,  541 

aroyltne,  93.94. 119 

Irlonic  acid,  536.  567 

glycol.  296 

IdoMccliaric  acid.  558.  569 

isoniltoiiocyanide,  320 

I((ose,  5(1,  5Si,  567 

nilrosale,  3^0 

Ilex  parflEoayensLs.  515 

amyl  elher,  136 

amylidene  acetone,  331 

I  mid  Moles,  311 

asparaeine,  49' 

aioloncs.  319 

baibilnric  acid,  513 

aidlylmercnpluis,  319 

butane  tricarboxylic  acid,  517 

Imide  bases,  167 

butenyl  tricarboxylic  add,  453 

chlorides,  2x3.  268 

ImidM  afdicuboiylie  idd>.  431,  44S 

acetic  acid,  249.  165,  268 

of  glycols,  314 

alcohol,  126 

Imido-Bctloflcclic  acid  nitrile.  378 

amine,  167 

acelonllrile,  356 

butytolnctone,  346 

carbonic  acid,  404 

caibinol,  122,  laj 

dicaibonic  acid,  403 

etiiyl  jucciuic  acid,  516 

glycol,  age,  301 

malonamide,  440 

oxide,  299 

oxal  elber,  438 

haloids,  140 

pseudo  uric  acid,  506.  507,  516 

propyl  clhyl  methyl  ammoniui 

pyfomcemk  acid.  371 

chlotiiie,  169                      ' 

Ihio-carbonic  acid,  406 

butyraldehyde,  (96,  206 

tliiouraiole,  411 

butyroDoxime.  220 

Indol,  581 

butyric  acid,  Il6,  347.  256,  259,  3 

Inulia.  578 

buiyryl  cyanide,  37I 

Inireriion,  120,573 

caprolaclone,  2H4.  346,  494 

Inverlin,  izo,  573.  587 

cbolMlcrine,  58B 

inve.lsugar,  120,552.  573 

choline.  309 

citnc  acid,  530 

solubility,  390 

crolonic  acid,  50,  aS3 

reaclion  with  sluch,  577 

ICNJo-Bcelatdebyde.  199 

cyanic  acid,  416 

acetone,  ai7.  317 

esler,  162.  398,  417. . 

aceloiiroe,  319 

(elrabromide,  415 

acetylene,  toe,  388 

cyanides  (see  Isonilrile^^. 

acrylic  acid.  a8l 

cyanogen  oxide  =  i-cyanogen  odi 

alicyls.  101,  14a 

415                               , 

cyanogen  [see  Cyanogeii  iodide). 

tetrabiomide,  415 

ethane,  lol,  124.  "4" 

eywiuric  esters,  410 

ethylaraiiie,  311 

cyanurimide.  427 

fatty  acids.  272 

cyclic  compounds,  77 

lodoforin,  102,  114,  159,215.  224,   235, 

dehydracelic  acid,  376,  496 

38b 

diuluric  acid,  513 

reaclion.  1 13 

fumanc  aciJ,  463 

dulcile.  536 

lodohydrin,   124 

enicic  acid,  286 

Uclic  acid,  340 

gtucosamine,  549,  552 

methyl  clhet,  134,  101 

hepIenicacid.2B4 

propiolic  acid.  288 

heplylenic acid,  346.493 

propionic  acid.  375,  341. 454.  soa 

hydroiorbic  acid.  2S4 

stearic  acid,  06 

Isologoiis  series,  40 

Iris  root,  150 

malic  acid,  4S6 

Isaline,  55 

maltose,  576 

Iseihiooic  acid,  304,  306 

melamiiie,  4?? 

Iso  acelooilrile,  337 

Isomerism,  cbemical,  41 

1,  dyDamicil.  461 

piiytical,  44 


Im 


fslty  *cidi,  360 
nilrirc  Teaclion,  166,  335 
nitrilei,  54,  225.  ajS 
nilropcopane,  is? 
Isonitroso  acclic  eslei,  528 

aceloaeetie  e-ler,  484,  5»8 
""ty ''"tone.  479 
barbituric  acid.  509 
gluaric  «ler.  S<M 
teicnes,  aij,  Jij.  3*5.376 
Ixvulink  acid,  4S4 
malonic  ester,  498 
propionic  acid,  371 
Isooleic  acid,  2S6 

propenyl  ether,  I36 

propyl  acelyleDF  csrboiylic  acid,  3SS 

acetyl  valeric  acid,  382 

alcohol,  III,  115,472 


Isopropytbutyro 


.167 


:.  346 


propylene  malonic  acid,  4J7 

elhtr.  136 

glulobcLonic  acid,  494 

haloids,  125,  140 
[UopropylhrpunoD-.d<l].38l 
Uopropylmalic  acid,  493 

Iricsiballylic  acid,  518 
pyrotrilanaric  acid.  324 
ciiiinoline,  74.  78 
rhamnoiiic  acid.  537 
ihainnoic,  Sj6 
saccharic  acid,  571 
sncchatin.  537.  576 
succinic  acid,  246.  44I 
thioacelanilide,  262 

cyanic  acid.  55,  431 


cyanu 


'■.4^5 


l50. 


Irichloi^lyceric  acid,  370 
■  iliytin,3l6 
liiieorisuret,  233 
1   509 


I  lach  lorpyrotanmnc 
IlBClmilic  acid,  465 
Itamitic  add,  492 


tartaric  acid,  451,  492 


KETAZINES,  120,  546 

Kclines,  319 
Kctipic  acid,  528 
Keloamines,  320 

brassidic  acid.  iSS 
butyric  aeid,  372 
giularic  acid,  501 
heioses,  551 
malonic  acid  group,  497 
succinic  acid  group,  499 
Kelols,  317 
Ketone -alcohols,  317 
chlorides,  113 
csrboiylic  acids : 

mono-,  368,497.531.539 
di-.  484.  517 
tri-.  5JI.S38 


valero-giularic  acid.  467 
valeric  acid.  148.  259 

aldch.de,  75,  196,  206,  357 
Isoiazoles,  319.  327 
Isonnzolon  hyilraxamic  acid.  500 
Italirompyrntanaric  acid.  451,  491 
llaconic  acid,  76,  465.  492 
anhydride,  53,  4^5 
esier.  4^5 


375 
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Ketonic  acid  nilriks,  2fj8,  370,  378 
oximes,  371 

Ketooiysleatic  acid,  2S6 

pentacarboxylic  esler,  454 
pentamelhylcne,  454 
piperidine,  360 
stearic  acid,  288,  38*,  383 
subslitui ion  products,  211 
succinic  acid  group,  499 

Kelo»ime  carlmxylic  acid,  241 

Keloiimes,  158,  aig 

Kopfer's  method,  21 


Lactaiams,  363 

Lactic  acids,  336,  337 

eihidene  es 
fermentalio 
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Lactic  acid  nitrile,  349 
Laciidcs,  339 
Lactime  form,  55 
Lactimide,  358 
LactoWionic  acid,  575 

biosc,  575 
Lactones,  52,  342 
Lactonic  acid,  567 

acids,  486,  492,  494,  530 
Lactose,  575 

carboxylic  acid,  576 
I^cturic  acid,  402 
Lactyl  urea.  402 
Lactylo-Iactic  acid,  339 
Lsevulinic  acid,  379 
Lavulose,  379,  551,  568 
Lanoceric  acid,  588 
Lanoline,  588 

palminic  acid,  588 
Laurie  acid,  216,  249, 250, 265,  268,  271 

aldehyde,  196 
Laurone,  215,  220 
Laurus  nobiiis,  250 
Lead  alkyls,  187 

ethide,  187 

plaster,  253 

sugar  of,  245 

vinegar,  246 

white,  246 
Leather,  585 
Lecithin,  309.  475 
Leinoleic  acid,  286 
Leiocome,  578 
Lepargylic  acid,  455 
Leucelnes,  581 
Leucic  acid,  337 
Leucine,  47,  69.  357,  581,  586 
Leucoturic  acid,  509 
Lichenine,  578 
Liebig's  potash  bulbs,  19 
Light,  action  of,  upon  carbon  compounds, 

74 
Lignose,  579 

Ligrolne,  87 

Limit  alcohols,  109 

hydrocaibons,  79 
Linalool,  132,  380 
Linking  of  the  carbon  atoms,  37 
Linseed  oil,  286 
Lxvo  asparagine,  490 

aspartic  acid,  490 

glyceric  acid,  480 

lactic  acid.  336 

mandelic  acid,  69 

malic  acid,  487 

tartaric  acid,  69,  526 
Lubricating  oil,  88 


Lupeol,  588 

Lupeose,  576 

Lutidine  carboxylic  ester,  483 

Lycine,  310 

Lycium  barbarum,  310 

Lysatin,  581 

Lysatinin,  581 

Lysidine,  312 

Lysine,  581 

Lyxonic  acid,  536,  537 

Lyxose,  536 


M 

Magnesium  alkyls,  184 
Mashing  process,  1 22,  576 
Malaroic  ester,  489 
Malamide,  489 
Malates,  488 
Malein  anil,  460 
Maleic  acid,  50,  96,  459,  460 
electrolysis  of,  76 
Malic  acid,  487 

Malonic  acid,  439,  242,   244,  274,  281, 
402,  513 
ester,  242,  321,  440,  500, 
506 
Malonamide,  440 

amic  ester,  440 
diaceiic  acid,  532 
diamidoxime,  440 
dihydroxamic  acid,  440 
ethylene  ester  acid  chloride,  440 
ethyl  ester  acid,  77 
hydrazide,  440 
Malononitrile,  440 

tricarbnllylic  acid,  532 
Malonyl  guanidine,  506 
urea,  506,  513 
Malt,  121 

sugar,  121,  576 
Malto-biunic  acid,  576 

biose,  576 
Maltonic  acid,  566 
Maltose,  576 

carboxylic  acid,  576 
Mandelic  acid,  47,  68 
Manna,  540,  570 
Mannide,  540 
Mannitol,  107,  120,  540 
Mannitan,  540 
Mannoheptite,  542 

heptonic  acid,  567 
heptose,  553,  567 
nononic  acid,  553,  567 
nonosc,  553 


Maono-oclile,  s^l 

Melacarbonic  acid,  jEj 

octonk  .cid,  567 

Melaldeliydc.  195 

o«ose,  553 

saccharic  acid,  569 

Meiamcrism.  41 

M^o^.i,, 

Meia-propjlaldchyde.  I97 

carboxylic  Hcid,  567 

saccharic  acid,  346 

Ma;ga,ici.Li,l.  216,  150 

saccharin,  537.  538 

Margarine,  251 

Mcthacrylic  acid,  »83,  453 

Maisb  gas,  So 

Mechane,  76,  80,  246 

Meconic  ocid,  496 

derivaiives,  76 

Mdam,  4jS 

[Mslhanfll],  193 

Mclaniirie,  427 

[Mnhanol],  117 

McbDuicnic  add,  4^7 

Melhenyl  tricarboxylic  acid.  S17 

Mdecitose,  577 

Meliiozonicacid,  156 

Mdem,  4z8 

Methenyl  (radical),  212 

Wtlibiose,  576 

amidine,  23J 

Mdissicacid,  ng,  251 

Mdissyl  alcohol,  139 

bisaceloacetic  ester,  483,  539 

Melitose,  577 

bismalonic  esier.  533 

Mdilriose,  S77 

carbDliydraiide,  405 

Mdlon,  4aB 

Mclbine  (radical),  ili 

Meliing  poini,  reeuUrity,  62 

triaul{>!iuric  acid,  204,  *3S 

Menriiu^'  reacilon.  I62 

Melhionic  acid.  204 

Menihone,  381 

f  MeLbo-4'-elhyl  4-beplane],  80 
Mf those.  552 

Mercaptal  catboiylic  acids,  347 

MercBiiwU,  ro4,  5.54 

Mellioxyisoctolonio  acid,  362 

McrcapWn  carboxylic  acids,  347 

Melhoijiamine,  172 

dimethvl  aceloacelic  ester.  48a 

Mctcaplol  catboxylie  acids,  347 

Melbyl  aceloacetic  acid,  328,  372.   378 

Mercaptols,  al2,  218 

pyronon,  521 

MercaplolhiiiMlcs,  407 

succinic  acid,  501 

acetylene.  98 

Mercury  acelamide,  264 

carboxylic  acid.  z8S 

alkyls,  81.86 

acetyl  urea,  400 

allyl  ioJide,  186 

adipic  acid,  455 

cyanide,  331,4^ 

alcohol,  117 

elhide,  1S6 

aldehyde,  193 

Merolropy.  54 

dloxan.  50S 

McsadiloTTjymlarlBric  acid,  451 

allyl  ketones,  216 

MesaconiciiciJ.  37^.464 

keloxiints.  220 

dilTompyrotarlaric  ncid,  452 

nilioamine,  171 

Mesilcne  lactam,  36^.  36j 

piojiyl-carbinol.  342 

bclone.  362 

amine.  166 

Mesilonic  acid.  381.  494 

nr.ibinosidc.  S36 

Mesi.ylene.98,  214 

Mesi  1)1 -oxide,  214.  217.  iI9.  22'.  381 

broniiiLilmiii.- ester.  44a 

oxalic  acid,  4^5 

MelhvU.,ilaimll,   I,ju 

Mesitytic  acid,  49t 

Methyl  l)uljiic>ii].2  0 

Misodinitroparafiins,  158,  219 

Methyl  Imtan  acid].  248 

propane,  159 

VMcthyl-i-biili.ic],98 

Meao  form.  445 

Methyl  butyl  acetic  acid,  249,  568 

tartaric  acid,  48,  SL  69,  522,  513 

amine,  167 

Mcsoxnlic  ocid.  402,  47  J.  497.  5<H 

nitraiiiine,  171 

Mesoxalyl  urea,  508 

tetrazine.  .72 

Mesoxanilidimide  chloride,  499 

bulyrolaclone.  34  s 

Metacroleln.  208 

carboxylic     acid. 

formaldehyde,  194 

486' 

^B  ^^^H 

^^^^^^^^^^^^^^^^^^^^^^^H                  ^^^H 

B^^^^^^^^I^^^^^^^^^^^^^^^^H           ^^^^^1 
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Meibyl  oirbemk  nl«,  394 

Meihjl  glyoialosolcinuone,  3*8 

cubimide,  418 

glyoxime,  3^7                         1 

cubonkBcid.jSe 

Bcciicacid.413    1 

[                             ehloramylamine.  311 

[Melhyi-hepWnoluioii],  5" 

chloride,  141,  164 

cblilToforni,  103 

Meihyi-J-h«ene,  3»5 

crotonic  acid,  agj 

heijlacelonittile,  268 

cjiKnamide,  416 

cy»nide,  268 

diacelamiJe,  265 

hydraiylamine,  173 

dietbyl  acclic  acid,  249 

hypochlorite,  147 

me.hane,85 

dihydro  furfutsne,  300 

indol,  581 

pyrrol,  318 

iodide,  14Z 

!                          di-lodoiinine,  169 

diraethy!  phenyl  pyridotolon,  381 

isobutylenamir>e,  305 

dioxytria.me,  395 

Elyo.ime.  3^7 

citric  acid,  530 

ether,  134 

cyansle,  418 

ethyl  acetaldehyde,  196 

cyanide,  237 

acetic  acid,  346.  348 

propyUcclomide,  265 

acelonitrile,  s68 

cartiinol,  117,  128    1 

acraliir'a'" 

keloximc,  aio,  320  . 

l^inVie^ 

iioxaiolon,  376 

carbines rbinol,  lis.  ti? 

tetol.  317 

earbinot,  136 

Ifvulinaldaiime,  311 

dikelone,  3" 

Isevulioic  acid.  380                  , 

1                                   ethylene,  94 

in.lic  acid,  49! 

Elycollic  acid,  338 

cuer  acid.  376 

glycoUo-nilrile,  350 

mannoside.  548 

glyoxime,  337 

iiiercaptn,,,  149 

peroiide,  327 

mercury  nitrate,  1S6 

mirthaneisee  Ethanel. 

methylene  amine.  ^05 

318 

nilraraine,  171 

nitrate,  14J 

ojyacelic  acid,  283 

nitrite,  144 

axybulyric  acid,  343 

nitrotic  acid,  158 

[Mnacone,  al6 

nilroutelhane,  395 

chloride.  53 

nonylkelone,  216 

formy]  acetic  ester,  362 

oxalacelic  ester,  493,  500 

fumarie  acid.  464 

furrurol,S36 

oiybutyric  acid,  342 

glucMide,  5  SO 

gluiaric  acid.  380,  494 

glularic  acid.  453 

thiaiole,  423 

Taleric  acid,  342 

glyceric  Kid.  480 

paralianie  acid,  505 

glycidic  adds,  481 

par.conicBcid,a78,346.49* 

glycocoll,  3SS 

penthiophcne,  4S3                    || 

glycocyami^ne,  4'3 

phenyl  pyridBH.1on.j8l 

1                                           amine,  4I3 

glyo^al,  33t,  3J8 

Methylpropanan.  I96 

Melhylpropan  diacid],  441 

y                                     MBioDe,  328 

[Melhyl-3.propinol«:id].  3J7 

[MMhylprop.n.cid].a49 

Methylene  dimethyl  ether,  aoo 

prapionyl  welic  KJd,  378 

disulpbkiiic  acid,  304 

propyl  ■cetildehydc,  196 

glycol,  194 

■ceticicid,  349.  266 

heptylamiDe,l67 

allyl  carbiaol,  IJI 

■mine,  1 67 

iodide,  JOI,  235,  53a 

nrbinol.  68,  ti;,  128 

lactate.  339 

ethyl-ethylene  glycol,  197 

malonic  ester,  456 

ethylene  lactic  acid,  34 1 

mercapul,  304 

glyoiime,  337 

succinic  acid,  465 

nitrainme,  171 

oiybulyric  add,  34a 

urea,  400 

Micrococcus  aceti,  244 

pyridaiinone.  381 

Milk  albumin,  583 

■zolon,  381 

Mg'r,  S7S 

pyrrolidine,  381 

Millon's  reagent,  582 

pyrrolidon,  360 

Mineral  w..,  88 

quinoline,  316 

Molasses,  122,574 

succinic  ■cid,  444 

MoleculM  formula,  atomic,  25 

suecinimide.  448 

empiric,  37 

sulphide,  149 

isomerism,  59 

sulphite,  146 

refraction,  66 

sulphobiomide,  151 

.olume.  60 

chloride,  152 

weight,  deterniinatioa  of,  a 

sulphone,  151 

Monacetin,  475 

sulphonic  acid.  152 

Monethylin.  476 

sulpho.ide,  151 

Monobromacetone,  217 

sulphuric  acid,  MS 

ethyl  ether,  202 

tetronic  acid,  37» 

methyl  ether,  202 

letrose.  SM.  536.  563 

chlor-elher,  135 

theobromine,  514 

elhyl  ether,  302 

tbinldin,  204 

formin,  326,  475 

hydra/ones,  328 

triacetoamine,  Sly 

chlorhydrin,474 

carlmllylic  acid,  SiS 

methyl  elher,  20J 

carbimide,  420 

mcihyl  sulphonic  acid,  393 

uracil.  376,  513 

Monoiodo -methyl  ethet,  202 

uramil,.  507 

Monoses.  543 

urea,  399 

Monolhio-diethylamine.  165 

chloride,  396 

ethylene  glycol,  304 

methane,  394 

Moss,  Iceland,  458 

uric  acids.  505,  513 

starch.  578 

valerolactam,  ibo 

Moringa  olelfera,  251 

valerolaclone,  346 

Morphine,  166 

Melbvlal,  200 

Morpholine.  310 

Methylene  amido  acetonilrile,  231,  354, 

Morpholrophy,  59 

Mucedin,  583 

br"-d 

Mucin,  584 

chloride^  201 

Mucini^en.  584 

cyanide,  440 

Mucobromic  acid,  287,  365,  465,  477 

cyanhydrin,  354 

chloric  acid,  365 

diacelamide.  265 

Mucoids,  5 84 

dincetic  euer.  202 

1  acton ic  acid,  495 

diethyl  ether,  200 

Muconic  acid.  467 

sulphone.  204 

Muco-oxy-bromic  add,  483 

ditnalonic  ester,  531 

chloric  acid,  4S3 
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Murexan,  507 
Murexide,  510 
Muscarine,  309 
Muscle  juice,  413 
Mustard  oil,  425 

acetic  acid,  410,  424 
test,  425 

seeds,  425 
Mycoderma  aceti,  244 
Mycose,  576 
Mycosin,  586 
Myridn,  257 

Myricyl  alcohol,  129,  130 
chloride,  130 
iodide,  130 
Myristic  acid,  216,  250,  265,  588 
Myristica  moschata,  250 
Myristin,  250,  475 

aldehyde,  196,  206 

amidoxime,  271 

glycerol  ester,  475 
Mjnristone,  216 
Myronic  acid,  425 
Myrosin,  425,  587 


N 

Naphtha,  88 
Naphthalene,  74 
Naphtenes,  88 
Naringin,  536 
Neftigil,  88 
Neuridine,  313 
Neurine,  1 69,  309 
Nitraroide,  395 
Nitraroine  fatty  acids,  360 
Nitraroines,  170 
Nitric  acid  ester,  143 
Nitrile  bases,  167 

carboxylic  acids,  229 
Nitriles,  266 
Nitrilo-acetonitrile,  356 
malonic  acid,  440 
oxalic  ester,  437 
oxalimido-ether,  438 
succinic  acid,  527 
tricarboxylic  acid,  403 
Nitroacetonyl  urea,  402 
acetic  acid,  350 
amido-acetamide,  401 
amines,  170 
barbituric  acid,  507 
benzene,  154,  l6i 
bromofonn,  387 
butane,  157 
butyl  glycerol,  520 


Nitrocarbamic  acid,  395 
cellulose,  474 
chloroform,  157,  387 
cyanacetamide,  238 
erythrol,  520 
fatty  acids,  350 
ethyl  alcohol,  124,  308 

urea,  399 
form,  159,  235,  387 
glycerine,  474 
guanidine,  414 
Nitrogen,  determination,  21 

carbon  monoxide.  389 
carbonic  methyl  ester,  389 
Nitrohydantoin,  401 

isobutyl  glycol,  477 
propyl  alcohol,  308 
valeric  acid,  351 
Nitrol  acetic  acid,  438 
Nitroamines,  320 
Nitrolactic  acid,  339 
Nitrolic  acids,  157,  223,  270 
malonic  acid,  486 

aldehyde,  477 
roalonyl  urea,  507 
mannite,  541 
methane,  156,  387 

disulphuric  acid,  235 
methylisoxazolon,  482 
nilroso-propane,  158 
octane,  154, 157 
olefines,  154 
paraffins,  154,  162 
phenol,  477 
propionic  acid,  350 
propylene,  157 
prusside  of  sodium,  232 
Nitrosates,  93,  3x9 
Nitrosites,  93,  319 
uracil,  513 
uracilic  acid,  5x3 
urea,  399 
urethane,  395 
Nitroso-amines,  170 
diethylin,  170 
methylaniline,  167 
methylin,  170 
guanidine,  415 
methyl  urethane,  207,  395 
paraldimine,  206 
urea,  399 
urethane,  395 
Nitrous  acid  ester,  144 
Nitrotartaric  acid,  485,  526 
Nobel's  blasting  oil,  474 
Nomenclature,  57 
Nonadecane,  86 
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[NonaD-diRcid],  455 
Nonane.  84,  H 
NonnaphUne,  S8 
NoDoiKMMcbuic  acid,  571 
NoniMW,  S4S.  553 
Nonjrleoic  acid,  193,  17S,  384 
Nmirlic  acid,  250,  286 
Nnnnal  itTuctare,  43,  109 
Nucleln,  584 
Nocleiu  Uomerism,  41 
■TDthesei,  S5 
Nat  oil,  z86 


OCTADKANE,  86 
[Octadiea],  99 
[Ocuo-diacid],  455 
Ocume,  86 
Occanolactam,  360 

tesKTakuileca-caiboK;lic  eilcT,  559 
Octobromacetj'lBcelOTie,  313 
Ocloic  acid,  250 
Octo-naplhcD,  88 
Ocloses.  S43 
Octyl  alcohols,  iig,  z86 
lEn.inthol,  129,  196,  206,  277,  zS6,  349 
CKnanlhone,  215 
Gi:naDtliyl  aldebydc.  196 
CEaanthylic  Bci<l,  250,  261,  265,  J6S 
Oil-forminf;  gas,  90 
of  garlic,  130.  150 
of  ihe  Dutch  cliemisis,  J02 
swcci  (see  Glycerol). 
Oils,  fau,  drj'iiig,  286 

■ion  drying,  285.47* 
01«line  acelylcncs,  99 

alcohols,  130 

aldehydes,  207 

CBiboxylic  Bcids,  276,  455,  51S 

glycols.  197 

haloids,  300 

OlefioM,  89 

Oleic  acid,  50,  276,  285,  455 
Olcin,  2S2.  47S 
Oplical  roUlory  power,  67 
Optically  inactive  substances,  decompo- 
sition of.  68 
Ofcinol,  383 

Orsellinic  erythrol  ester,  520 
Ortho-acetic  acid  derivatives,  2S6,  322, 


Ortho-carbooic  acid  «tl«rt,  383, 3BS 
Ibrmic  acid,  317 

ester,  224,  a33,  478. 483 
gifoial  diethylene  ether,  321 
oxalic  acid,  434 
Nlicic  acid  etters,  147 
thioformic  acid  esten,  204,  234 
'Is'ioines-  535>  S46 
Ostaoat  acetyl  glToxylic  acid,  484 
Otaionei,  398.  546 
OscillalioD.  56 
Osnottc  pminre,  29 
Osonei,  S4S 

tetraiones,  328 
trluones,  328 
Dial  acetic  add,  49>>  499>  57' 
aldehyde,  320 
amidine,  43S 
Oxalan,  506 
Oialalcs.  227.  433 
citric  acid.  571 
diace lie  acid.  528 
diamidoxime,  438 
dihydroiamic  acid,  438 
di-imide  dihydraiide,  438 
hydraiide,  436 
Oxalic   acid,    124,    260,  273.    364,  370. 


Oxalkyl  bsises,  308 

hevulinic  esler,  518 
Oxalo  nit  rile.  436 

Oialtin,  509 
Oxahiric  ncid,  505 
Oxalyl  chloride,  434 
di acetone.  521 
guanidine,  506 
urea,  50S 
Oxaniethane,  435 
Oxamic  acid,  435 
Oxamide,  435 
Oxamidine,  271 

Oiamine  chloride  acid  ester,  435 
Oxanilide  dioxime.  23S 
Oxuolon  hydroxamic  acid,  498 
Oxaiomalunic  acid,  499 
Oxelhyl  aceto-acetic  ester,  345 
amine.  124,  309,  356 
ethylene  sulphide,  304 
sulphone    melhvUne  sulphonic 

acid  lactone,  305 
sulphuric  acid.  306 
I ri methyl  ammonium  hydroxide, 
309 
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)xctoncs,   217,  478 

)ximes,    161,   206,   219,  320,  325,  367, 

371.  376,  382,  500,  535,  etc. 
)ximide  chloride  acid  ester,  435 
Kimido-acetic  acid,  367 

acetone  dicarboxylic  acid,  502 
acetonitrile  acetate,  367 
butyric  acid,  371,  376 
cyanpyroraccmic  acid,  500 
dibrompyroracemic  acid,  37 1 
ether,  438 
glutaric  acid,  501 
malonic  acid,  486 
mesoxalyl  urea,  509,  513 
methyl  isoxazolon,  484 
propionic  acid,  367,  371,  491, 

500 
succinic  acids,  49  x,  500 
)xo-glutaric  ester,  501 
malonic  ester,  498 
)xonic  acid,  505,  512 
)xopentamethylene,  454 
piperidine,  360 
propane,  211 
stearic  acid,  382 
succinic  acid,  499 
valeric  acid,  379 
)xy  acetic  acid,  321,  330,  334 
acetone.  317 
acid  nitriles,  214,  349 
acrylic  acid,  362,  369 
aldehyde  ketones,  478 
aldehydes,  315,  477,  521,  535,  542 
aldehydo-carboxylic  acids,  568 
amido-glutaminic  acid  ester,  502 
butyric  acids,  337,  342 

aldehyde,  193,  316 
caproic  acid,  342 
caprolactone,  381,  481 
caprylic  acid,  342,  349,  350 
carboxylic  acids : 

dioxy-,  479,  521 
monoxy-,  329,  485,  529 
polyoxy-,  564 
tetraoxy-,  537 
trioxy-,  521,  538 
)xycitraconic  acid,  527 
citric  acid,  539 

coumarine  carboxylic  acid,  500 
crotonic  acid  derivatives,  362 
dialkyl  acetic  acids,  337 
dimethyl  nicotinic  acid,  496 
ethylene  succinic  acid,  487 
formaldehyde,  224 
furazan-acetic  acid,  500 

carboxylic  acid,  499,  500 
glutaric  acid,  493,  494 


Oxyhivmoglobiiis,    5S4. 

i  obutyl  acetic  acid,  337 

butyric  acids,  283,  337,  342,  350, 
402 

caproic  acid,  342 

caprolactone,  284,  481 

crotonic  acid,  362 
Oxyisoctylic  acid,  342 

heptolactone,  481 

heptylic  acid,  342 

lactone,  481 

succinic  acids,  370,  486 

valeric  acid,  284,  337,  350 
Oxyisoxazole  dicarboxylic  ester,  502 
Oxyketone   carboxylic  acids,  482,    521, 

527.571 
ketones,  317,  478,  521,  551 

lactones,  481 

malonic  acid,  485 

methane  disulphonic  acid,  235 

methylene  acetic  acid,  361,  364 
acetoacetic  ester,  483 
acetone,  319 
acetyl  acetone,  478 
succinic  ester,  495,  502 
diethyl  ketone,  319 
disulphonic  acid,  204 
glutaconic  acid,  496 
malonic  ester,  494,  533 
propionic  acid,  362 
furfurol,  552 
pyromucic  acid,  235 
sulphonic  acid,  204 

myristic  acid,  338 

neurine,  310 

nicotinic  acid,  496 

palmitic  acid,  338 

pentinic  acid,  379 

phenyl  amidopropionic  acid,  581 
propionic  acid,  581 

propionic  acid,  335 

propyl  malonic  acid,  345 

pyroracemic  acid,  482 

aldehyde,  478 
tartaric  acid,  491 

quinaldine,  363 

stearic  acid,  338 

sulphonic  acids,  204 

tetralidine,  208,  316 

tetrinic  acid,  379,  464 

toluic  acid,  484 

tricarballylic  acid,  529 

methylglutolactonic  acid,  494 

uracil,  513 

urethane,  405 

uvitic  acid.  235,  376,  483 

valeric  acids,  338,  342 
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Perchlorcarbonic  ethyl  ester,  388 

ethane,  100,  Z03 

ether,  135,  136 

ethylene,  105,  275 
Perchloric  ester,  147 

methane,  loo,  387 

methyl  ether,  134 

mercaptan,  393 

sulphthiocarbonic  methyl   ester, 

393 
vinyl  ether,  136 

iodoethylene,  105 

Perkin's  reaction,  193 

Peroxid-di-isonitroso  butyric  acid,  484 

Perselt,  542 

sulphocyanic  acid,  422 

Petroleum,  87 

benzine,  87 

ether,  87 

Phasotropy,  54,  56 

Phenanthraquinone,  75 

Phenanthrene,  74 

Phenol,  488,  568,  581 

carboxylic  acid,  387 

Phenyl-acelic  acid,  581 

acetol,  317 

alanine,  581 

amido-dimethyl  pyrrol,  328 

amidopropionic  acid,  581 

asparagine-anil,  460,  490 

aspartic  acid.  490 

azoimide,  458 

butidone  carboxylic  acid,  363 

butyrolactam,  360 

Phenylene-diamine,  322 

glycol-acetal,  316 

hydrazidomesoxalic  acid,  498 

hydrazine,  171 

glyoxylic  ester,  539 

Isevulinic    acid,   359, 

381 

Phenyl -hydrazino-acetic  acid,  361 
Phenyl-hydrazoline,  208 
Phenyl-hydrazone-glyoxylic  acid,  367 

mesitonic  acid,  381 
pyroracemic  acid,  371 
Phenyl -hydrazones,  161 
Phenyl-ortho-piperazone,  449 

succinimide,  449 

triazole  tricarboxylic  acid,  468 
Phloroglucin,  217,  536 
Phorone,  214,  216,  221,  503 
Phoronic  acid,  503 

Phosgene,  234,  244,  377,  386,  388,  389 
Phosphines,  173 
Phosphinic  acids,  1 73 
Phospho  acids,  1 75 


Phosphoric  acid  esters,  147 
Phosphorous  acid  esters,  147 
Phosphorus  alkyl  compounds,  173 

determination,  23 
Phthalimide  potassium,  162 
Phthalyl-amidobutyro-niirile,  359 
glycocoU  ether,  354 
propyl  malonic  ester,  359 
Phycite,  520 
Phyllocyanine,  585 

porphyrin,  585 
Physical  isomerides,  41 

properties  of  the  carbon 
pounds,  58 
Phytosterin,  588 
Picoline,  208,  473 

dicarboxylic  acid,  371 
Picric  acid,  387 
Picryl  chloride,  165 
Pimelic  acid,  444,  455 
Pimelimide,  449 
Pinacoline,  209,  216,  296,  370 
Pinacolyl  alcohol,  129 

sulpho-urea,  409 
Pinacone,  209,  212,  296 
Pinus  larix,  577 
Piperazine,  314,  358 

salt  of  uric  acid,  511 
Piperic  acid,  525 
Piperidic  acid,  359 
Piperidine,  99,  315,  317,  360,  414, 
Piperidone,  360 
Piperidyl-methane,  359 
Piperylene,  99 

Pivalic  acid  (see  Trimethyl  acetic  ac 
Place  isomerism,  41 
Plane-symmetric  configuration,  49 
Plasmolytic  method,  29 
Plaster,  252 
Plus  sugar,  577 

Polarization  plane,  deviation  of,  67 
Polyethylene-glycols,  295 

glycollide,  274,  339 
Polymerism,  41 
Polymerization,  93,  194,  416 
methylene  bromides  303 
saccharides,  120,  577 
Potassium  alky  Is,  184 
cyanide,  230 
isocyanate,  417 
Potato-spirit,  122 
starch,  1 23 
Powder,  smokeless,  474.  580 
[Propadien],  99 
[  Propanalon],  321 
fPropan-diacid],  439 
[Propandiol],  295 
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Propandiol-acid],  480 
[Propandiolall,  477 
'Propandiol-diacid],  497 

Propandiolon],  477 

Propane],  S4,  85 
[Propane-tricarboxylic  acid],  517 
'Propan-nitrilc],  368 


Propanolon],  318 
'Propanolon  acid],  482 
'Propanon],  214 
'Propanon-acid],  369 
'  Propanon] -di-    and    triphenyl     hydra- 
zones,  479 
fPropantriol],  471 
Propargyl  alcohol,  132 

amine,  169 

ether,  136 

haloids,  143 
Propargylic  acid,  287,  468 
fPropen-acid],  280 
[Propenol],  130 
rropenyl-penta  carboxylic  acid,  539 

trichloride,  472 
Propeptones,  583 
[Propin-acid],  387 
fPropine],  99 

Propiolic  acid,  136,  281,  387 
Propionaldoxime,  206 
Propionamide,  265 
Propione,  215 

Propionedialkyl  sulphones,  218 
[Propinol],  132 
Propionic  acid,  74,  126,  247,  256,  280, 

387,  473 
Propionon-dicarboxylic  acid,  503 

Propionyl  carboxylic  acid,  370 

cyanacetic  ester,  499 

cyanide,  371 

fluoride,  258 

formamide,  370 

propion  aldoxime,  327 

propionic  ester,  378 

Propyl-acetylene,  97,  98 

carboxylic  acid,  288 

alcohol,  122,  125 

aldehyde,     126,    196,    209,  2x1, 

214 

phenyl -hydrazone,  207 

amidovaleric  acid,  359, 

amine,  167 

bulyrolactone,  346 

chloramine,  169 

chloramylamine,  31 1 

dichloramine,  169 


Propylene.  91,  94,  99,  125,  472 
bromide,  303,  444 
chlorhydrin,  342 
chloride,  142,  303,  472 
diamine,  313 
glycol,  68,  295 

chlorhydrin,  301 
diacetate,  304 
haloids,  303 
oxide,  126,  214,  299 
pseudo-thio  urea,  410 
pseudo-urea,  404 
tetracarboxylic  acid,  533 
Propyl  ether,  136 

ethylene,  94 
halogenides,  1 40,  Z41 
Propylidene  acetic  acid,  283 

chloride,  201,  301 
diacetic  acid,  453 
mercaptal,  204 
mercaptan,  149 
methyleneamine,  205 
methyl  ether,  136 
nitramine,  171 
nitrolic  acid,  158 
oxalic  acid,  434 
paraconic  acid,  346,  493 
piperidine,  360 
pseudonitrol ,  158 
sulphide,  149 
tricarballylic  acid,  518 
▼alerolactam,  360 
lactone,  346 
Protagon,  476 
Protein  substances,  580 
Protocatechuic  acid,  528 
Protococcus  vulgaris,  520 
Pnissic  acid,  228 
Pseudo-butyl ene,  89 
forms,  54 
ionone,  221 
itaconanilic  acid,  492 
iutidostyril,  362,  36^ 

carboxylic  acid,  363 
Pseudomerism,  54 
nitrols,  157 
sulph-hydantoin,  410 
sulphocyanogen,  422 

urea,  409 
thiohydantoln,  410 
urea,  404 

uric  acid,  507,  511,  513 
Ptomaines,  310,  311,  5S1 
Ptyalin,  573,  587 
Purin,  511 
Purpuric  acid,  510 
Putrescine,  332 
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Pycnometcr,  61 
Pyrazine,  314,  316,  319 
Pyrazole  derivatives,  484,  520 
Pyrazoles,  320 
Pyrazolin,  208 

carboxylic  ester,  207,  279, 366 

derivatives,  458 
Pyrazolon,  367 

derivatives,  363,    468,   5C0, 

502,  527.  53* 
Pyrazolonopyrazolon,  528 
Pyridine,  74,  78,  3>5»  453»  521,  537,  567 

derivatives,  268,  270,  376 
Pyridone,  363 

Pyrimidine  derivatives,  268,  270,  376 
Pyrocatechin,  527,  549 
Pyrocinchonic  anhydride,  466 
Pyro-condensa!ions,  74 
glutaminic  acid,  493 
mucic  acid,  571 
Pyrone,  478,  538 

derivatives,  538 
Pyroracemic«acid,  369 

alcohol,  317 
aldehyde,  32 1 
bydrazone,  328 
Pyrosulphurjl  chloride,  388 
Pyrotartaric   acid,    444,  446,  448,   449, 

450»  465 
terebic  acid,  284 

tritartaricacid,  324,  370,  485 

Pyroxylin,  580 

Pyrrol,  300,  315,  449,  586 

derivatives,  318,  324,  528,  529 

Pyrrolidine,  314 

Pyrrol  idon,  360 

Pyrrolin,  314 

Pyrrolylene,  loo 

Pyruvic  acid,  369 

Pyruvil,  505 


QUARTENYLIC  acid,  282 

Quercite,  439 

Quercitrine,  536 

Quick  vinegar  process,  244 

Quinicine,  524 

Quinoline,  74.  78,  566,  567 

carboxylic  acid,  371 
Quinones,  322 
Quinoxalines,  312,  322,  547 


Racemates,  524 
Racemic  acid,  523 


Radical  theory,  34 

Radicals,  17,  34,  39,  222 

RafBnose,  577 

Raoult's  law  of  the  depression  of  the 
freezing-point,  32 

Rape  oil,  287 

Rapinic  acid,  287 

Refractometer,  67 

Residues,  39 

Resins,  390 

Resorcinol,  383 

Retrogressive  substitution,  loi,  273,  302 

Reversion,  573 

Rhamnite,  534 

Rhamnohexite,  542 

hexonic  acid,  564 
hexose,  551 

Rhamnonic  acid,  537 

Rbamnose,  530 

carboxylic  acid,  567 

Rhodinol,  1 32 

Rhubarb,  487 

Ribonic  acid,  537 

Ribose,  536 

Ricinelaldic  acid,  287 

Ricinoleic  acid,  286 

Ricinstearolic  acid,  287 

Ring-shaped  bodies,  78,  195,  2X8,  268, 
270,  298,  314.  324,  326,  328,  334, 
338,  353,  358,  360,  366,  400,  413, 
419,  446,  448,  454,  456,  483,  496, 

532,   539 
Roccellic  acid,  455 

Rocella  montaguei,  520 

tinctoria,  455 

Roman  oil  of  cumin,  283 

Rotatory  power,  magnetic  optical,  69 

Rum,  122 

artificial,  227,  256 

Ruta  graveolens,  216 


S  =  Symmetrical. 

Saccharates,  574,  575 

Saccharic  acid,  537 

Saccharimeter,  575 

Saccharin,  537 

Saccharobioses,  1 21,  572 

Saccharomyces  cerevisiae  seu  vini,  120 

Saccharon,  538 

Saccharonic  acid,  538 

Saccharotrioses,  577 

Saccharum  ofHcinarum,  573 

Salicin,  543 

Salicylic  acid,  3S5,  455 
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Salic>lide-chlorofonD,  234 

Saliva.  57^.  5^7 

Salt  K^i  .sorrel.  433 

Sa|H>nilicaiion,  137.  239.  252.  255,  264, 

47-\  5»7, 
Sarcinc.  516 

Sarco^ine.  355 

anhydride,  358 

SchiflTs  bases,  350 

SchizoniTces.  122 

Schweinfurt  green.  246 

Sebncic  acid,  2S6,  455 

Secalo>e,  552 

Seipnelte  sail,  525 

SeU-nium  alkyl  derivatives,  154 

Semicarkizides,  399,  405 

Senunose,  548 

Senegal  gum,  578 

Serecine.  4S1 

5>erin,  4S1 

Serum  albumin,  5S3 

globulin.  5S3 

Silicon  alkyl  derivatives,  180 

nonane,  180 

Silicononyl  alcohol,  I  Si 

Siliropropionic  aci<l,  I  hi 

Silver  cyanide,  2jl 

Siiiainine,  426 

Sin  it  pin,  3o<> 

Sinc.iliii.  309 

Skatol,  5^1 

ncrtic  arid,  «;8i 

rjirlM)x\lic  acid,  5S1 
Sliwowit/,  122 
Soups,  137,  23c),  2|;2,472 
Sodium  acrloarrlic  eslrr,  374.  377,  45S 

elhylatr,  124,  374 

formate,  llS 

glycol  late,  295 

mnlonic  ester,  441,  458 

press,  374 
Sorbic  aiid,  289 
Sorbin  oil,  362 
Sorbinose,  552 
Sorbite,  541,  120 
Sorbitol,  120,  541 
SorlKise,  552 
Sorbus  aucuparia,  289 
Sorghum  saccharatum,  573 
Spacinl  chemistry,  44 
Specific  gravity,  59 

rotary  power,  69 
Spermaceti,  257 
Sprit,  123 
Siachyo^c,  577 
Starth,  121.  247.  577 

gum.  57S 


Starch,  iugar,  548 

varieties,  577 
Stearic  acid,  84,  216,  249,  aso,   265, 

455 
aldehyde,  196 

amidoxime,  271 

Stearin,  252,  475 

candles,  252 

Stearolic  acid,  288 

Stearone,  216 

SteJuroDoxime,  220 

Stearoxylic  acid,  a88,  484 

Stereo-chemistry  of  carbon,  45,  49 

of  nitrogen,  51 

Stibines,  179 

Structure,  37 

theory,  37,  43 

Skttffer's  law,  305 

Suberene,  89 

Suberic  acid,  455 

Suberone,  455 

Succin-aldehyd-dioxime,  327 

amic  acid,  448 

amide,  447,  449 

anil,  449 

anilic  acid,  448 
Succinates,  443 
Succin-bromimide,  448 

ethylamicacid.  448 

ethyl  ester  chloride,  446 

haloidimide,  448 

bydrazide,  449 
Succinic  acid,  75,  77,  443,  465 
esters,  444.  531 
ethylene  ester,  444 

imide,  448 

imidoximc.  450 

methylimide,  381 
Succino-nitrile,  449 
Succino  succinic  ester,  444 
Succinphenyl-bydra/icle,  449 
Succinyl- chloride,  446 

clhylenediamide,  449 
hydroxamic  acid.  450 
l>eroxide,  447,  449 
Sugar- cane,  573 

beet,  573 
Sulphamic  acids,  1 70 
Sulphamides.  170 
Sulphamido-barbituric  acid,  509 

valeric  aci<l,  359 
Sulphinates,  cyclic,  347 
Sulphine  compounds,  150 
Sulphinic  acids,  153 
Sulpho- acetic  acid,  306 

carbamic  acid,  406 

carbonic  acid,  3S9,  391 
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Su]|)h()-cyanacolic  acid.  423 
cyanacetone.  423 
cyanate  of  potassium,  230,  422 
cyan  group,  421 

hydride,  422 
cyanic  acid.  422 
cyanide  of  ammonium,  422 
of  mercury.  422 
of  potassium,  422 
cyanuric  acid,  425 
diethylamine,  165 
Sulphonal,  215,  218 
Sulphone-d' acetic  acid,  348 

dipropionic  acid,  348 
Sul phones,  151,  202,  218 
Sulphonic  acids,  152 
Sulphonium  compounds,  150 
succinic  acid,  489 
urea,  407 
Sulphoxides,  15 1 

thiocarbonic  acid,  389,  391 
uranes,  305 
Sulphur  determination,  23 

ether,  134 
Sulphuric  ester,  144 
Sulphurous  esters,  146 
Sulphuryl-dielhylamine,  165 
Suiphydrates,  148 
Sunlight,  action  of,  74,  445 
Synaptase,  573,  587 
Synthesis,  81 
Synthetic  methods,  81 
Syntonins,  583,  584 


Talite,  541 

Tallow  varieties,  250,  475 

Talo-mucic  acid,  564,  571 

Talonic  acid,  567 

Talose,  551 

Tannins,  543 

Tar  oils,  92 

Tartaric  acids,  44,  48,  69,  75,  214,  520, 

5ai.  563,  570 
conBguration  of,  563 
Tartrates,  525 
Tartrazine,  528 
Tartronic  acid,  473,  485,  525 
Tartronyl  urea,  506 
Taurine,  306,  311 
Taurobetalne,  307 

carbamic  acid,  307,  401 
cholic  acid,  306,  587 
Tautomerism,  54 

virtual,  56 


Tellurium  alkyls,  154 
Teraconic  acid,  466 
Teracrylic  acid,  284 
Terebic  acid,  284,  346, 466,  493 
Terpentine  oil,  67,  466,  493 
Terpenylic  acid,  284,  493 
Tertiary- butyl  alcohol,  126 
carbinol,  1 28 
methyl   ketone,  1 20,  209, 
216 
Tetra-acetylene  dicarboxylic  acid,  468 
ethane,  521 
alkyl  ammonium  bases,  z68 

tetrazones,  172 
amide  carbon,  384 
bromdiacetyl,  322 
ethane,  104 
formalazine,  415 
methane,  102,  384,  387 
chlor  acetone,  125,  216 
diacetyl,  322 
diketo-adipic  acid,  528 
ethane,  103 
ethylene.  105 
glutaconic  acid,  467 
methane   (see  Carbon  tetra- 
chloride), 
phenyl  pyrrol,  449,  464 
Tetracosane,  84,  86 
decane,  86 
ethyl  acetone,  215 

ammonium  compounds,  168 
arsonium  compounds,  179 
ethylium  compounds,  168 
ethyl-oxalic  acid,  434 

phosphonium     compounds, 

174 
stibonium  compounds,  Z79 

tetrazone,  172 
urea,  399 
fluor- methane,  102,  383,  386 
bydro-carvone,  382 

furfurane,  299,  360 
naphthalene  tetracarboxylic 

ester,  531 
picoline,  318 
pyridine,  317 
pyrrol,  99,  314,  360 
iodo-ethylene,  106 

methane,  102,  383,  387 
methyl  acetone,  215 

alloxantin,  510 
amnK)nium  compounds,  168 
arsonium  compounds,  179 
diamidobenzophenone,  389 
ethylene,  92,  94 

glycol,  296 
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Tetrtmcthyl  ethylene   lactic  acid,  342 

nitrosvl  chloride, 

308 
oxide,  209,  296, 

299 
sulphocarbamide, 
409 
glycol,  209 
methane,  85 
methylene  diamine,  205 
phosphonium    compounds, 

175 
pyrazine,  381 

stiboiiium  compounds,  179 

succinic  acid,  446 

Tetramethylene,  89 

bromide,  303 

carboxylic   acids,    279, 

456,  532 
derivatives,  78 
diamine,  313,  360 
glycol,  296,  360 
imide,  314,  360 
nitrosamine,  315 
oxide,  299,  360 
methylium  compounds,  168 
nitromethane,  159.  383,  387 
oxyadipic  acids,  569 
valeric  acids  537 
Tetrinic  acid,  317,  370,  482 
Tctrolic  acid.  277,  282,  288 
Tetronal,  218 
Tetronic  acid,  482 
Tetrose,  315,520,  534 
Thallium  alkyl  comixmnds,  186 
Thcine,  166,  504,  515 
Theobroma  cacao,  514 
bromic  acid,  251 
bromine,  504,  514 
phyllinc,  504,514,  515 
Theory,  dualistic,  34 

electrochemical,  34 
structural,  37 
types,  34,  260,  274 
valence,  37 
Thermometer,  62 
Thetines,  348 
Thiacctamide,  269 
Thiacetic  acid,  261 
Thialdin,  203 
Thiamides,  223,  269 
Thiazoles,  269,  410,  423 
Thio-acelaldehyde,  203 
acetals,  204 
acetic  acid,  262,  410 
acids,  261 
alcohols,  1 48 


Thioaldehydes,  203 

benzophenone,  393 
carbamic  acid ,  406 
c  .rbonic  acid,  389,  390 
carl)onyl  chloride,  392 
cyanacetic  acid ,  423 
Thiocyanic  acid,  422 

ester,  391,423,  426 
Thiocyanuric  acid,  425 
Thiodialkylamines,  170 
dibutyric  acid,  347 
diethylamine,  170 
diglycol,  304 
diglycollic  acid,  347 
dilactylic  acid,  347 
ethers,  149 
ethylnmine,  311 
ethylimidc,  232 
formaldehyde,  2x4,  424 
glycollic  acid,  347 
hydantoln,  347,  410 
ketones,  212 
[Thiol  acids],  261 
Thiolactic  acid,  347 
Thiomcthane,  407 
Thion  acids,  261 
Thionamic  acids,  1 70 

carbonic  acid,  389,  391 
carbon-thiol  acids,  39I 
[Thionthiol  acids],  261 
Thionuric  acid,  509 
Thioiiylamincs,  165,  170 
Thionylchloride,  165 

dialkylamines,  1 70 
diethylamine,  165,  170 

hydrazine,  172 
ethylamine,  165 
tetra-alkyl  diamines,  170 
Thiophene,  74,  78,  300,  447 

carboxylic  acitl,  571 
compounds,  324 
phosgene,  390,  392 
propionamide,  269 
pseudouric  acid,  508 
semicarbazide,  410 
ThioNinamine,  409 
Thio  sulphuric  acids.  153 
tetra-alkyl  diamines,  170 
tolene,  380 
uramil,  507 
urethanes,  407 
Tiglic  acid.  50,  283 

aldehyde,  208 
Tin  alkyls,  181 
Tolane  dibromides,  50 
dichlorides,  50 
Toluene,  73 


^^^^^^^^^^^^^1    ^^^^1 

^^^^^^^^l^^^l     ^^^1 

^^^^^^^P                                         INti 

■            ■ 

Total  reflMiomtlet.  67 

Tiichloioiyhutyric  aiid.  4^^^^| 

Toxit.™.  S8i 

piopane.  474              ^^H 

Trai.».  51 

Trehalose,  576 

valerol actinic  acid,  341,  350 

TriBKWniide,  265 

TricHane,  86 

acelin,  475 

cyanic  acid,  419 

accionnminc,  119 

cyanogen  chloride,  421 

acelonine,  atg 

de«>iie,  86 

acelylbeniene.  319 

decylic  acid.  149,  265,  a68 

■midopheno!,  317 

dielhylaminc  phosphinie  oxide,  l6( 

elhideoediaulphoDC  lulpbide.  201' 

azo  acetic  acid.  3G7 

irisulphone.  103 

a<ole.  21& 

elhoxyocetonitrile,  437 

nzo-tiiQielhylene    tricarboiylic    acid, 

367 

ciide,  17a,  178 

Tnbtom  ocpiic  acid.  275 

arsine  compounds,  178 

acrylic  acid,  aBl 

botine,  t8o               ^^H 

aldehyde,  1 98 

Triethylcne  glycol,  295           ^H 

benicnc,  106 

Trietbylguamdine.  41a            ^H 

1,                       butyric  acid.  276 

hydroxylamine,  17a   ^^M 

^^         tlbidene  glycol,  igS 

Triethylin,  476                          ^^ 

^^       bydrin.  474 

isomelamide,  428 

^^H        iBCtic  acid,  340,  349 

melamine,  4^8 

^^H        methyl  ketol,  482 

melhane,  85 

^^r       pyroracemlc  acid,  ^35,  370 

phlotoglucin.  259 

succinic  acid,  45a 

Tributyrin,  475 

silicon  compounds,  iSi 

carballylic»cid,Si7 

carbamfdicftcid.  403 

sulphine  iodide,  150 

carbimide  ester.  420 

thiourea.  409                  ^^ 

chioracclal,  200 

urea,  399                      ^M 

aldehyde,  197 

Triron>io<inie,2oG                      ^H 

Trichloracelic  acid,  198.  274 

glycolamidic  acid,  356,  4^^^^^ 

Trithloracclo-acrylic  acid.  382 

halose,  576                         3^H 

Trichloracetyl  chloride,  275 

hydrocyanic  acid,  131         ^^^H 

iodo- acetic  acid,  235.  ajf^^^M 

beniene,  to6             ^^H 

triclitorcrotonic  acid,  381 

i»>amylene.9]                     ^H 

Trichloracrylic  acid.  2S1 

butyric  acid  ,521             ^^^ 

amide,  510 

lielovaleticacid,  521                          1 

buiyl -alcohol,  ia6,  $69 

Trimesic  eslcr,  361 

butyrnldchydc,  199,  340 

Trimelhitie  triazimide,  367 

bulyric  acid.  276 

Trimelhyl  occlaldehyde,  I96 

^H'            ethane.  103,  316 

acetic    acid,    laS.   246.   a. 

^B                >35 

259.  2fiS,  168 

^^H       etbidenc  melbane,  395 

amine.  164.  167 

^^^K        elbyl  alcohol.  124,  569 

arsine  compounds,  I78 

^^^^L      hydracetyl  acetone,  213,  31S 

benzene.  9H 

^^H                   474 

bonne,  iSo 

^^^M      isopropyl  alcobol.  125 

caibinot.  til,  126 

^^H      lactic  acid,  340,  4S5 

dihydro  hydiidin-dicariioxj 

^^H               Icichlur     elhidene      ether 

^^H                   esler.  t98.340 

ethylene.  93 

^^m      melbane  (>ee  Cbbroform), 

o»ide,  299 

^^^H      melllyl  pataconic  acid.  492,  5JO 

glularic  acid,  454 

glycocoll  (seeUeulM),  jl' 

i 
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riiiiu'tliyl  iMimclnmine,  428 
ineluinine,  42S 
iiiclliaite,  85 

pliosphiiu'  compounds,  174 
pYitizolinc,  220 
pyroracciiiic   acid,    212,   216, 

3S7.  370 
stiliine  derivatives,  179 

Kuccinic  acid,  446 

iiulplunc  cotiifxuinds,  X51 

ttirarltallylic  ucid,  51S 

vinyl    ammonium    hydroxide, 

1 0(>,  309 

xantliiiie,  515 

'riimrtliyliiu'.  So 

bromiclc,    102,  302,  303, 

45-J.  532 
cat  boxylic  acids,  279,367, 

456.458,464,486,518, 

chloride,  303 

clilurobromide,  276 

cyanide,  293 

dirivaiives,  78 

diamine,  313 

dicarlHJxylic  acid,  456 

tliinalonic  acid,  45O 

diphthaliinide.  312 

ilJMilpIionc,  305 

dJMdphiilc,  203 

glycol,  J05 

clilorhvdrin,  ^(^I 
diacctatc,  ^o^ 

haloids,  303 

imidi*,  314 

i.Hlidc,  303 

o\i<lc,  214,  299 

tii.iinine,  20O 

lrisulpln)nf,  203 

urea,  4(X) 
rrimyii>lin,  475 
I*iinitroj>hcn()l,  3S7 
rrinilioacett)nitril»',  235,  437 
I  rinitrobcnzcnc,  477 
irmilromelhanc,  235 
Tiiolcin,  475 
Trional,  218 
Trioses,  477,  534 
rrioxethylamine,  308 

imidoj)ropanc,  479 
Trioxoheptan.  479 
Trioxyadipic  acid,  53S 
butyric  acid,  52I 
giniaric  acid,  538,  563 
methylene,  194,  200,  552 
Tripalmitin.  475 
saccharides.  577 


Trisodium-phloroglacin-tricarboxjiic 
ter,  440 
stearin,  475 
sulphone  acetone,  218 
tbio-acetaldebyde,  203 
acetone,  218 
carl)onic  acid,  389,  392 
cyanuric  ester,  427,  428 
formaldehyde,  203 
ketones,  203,  azS    . 
Trypsin,  583 
Turanose,  576 
Ty|)es,  chemical,  34 

mechanical,  35 
mixed,  36 
principal,  35 
secondary,  36 
Tyrosin,  69,  581,  586 


U 

Undecane,  86 
Undecanonic  acid,  382 
Undecolic  acid,  284,  288,  382 
Undecylenic  acid,  284.  280,  481 
Undecylic  acid,  249,  250 
Ur-acids,  505 
Uracyl,  505 

Uramido-crolonic  ester,  513 
Uramil,  507,  513 
Urazole,  405 
Urea,  396 

alkylic,  39S 

chlorides,  395 
IJreldes,  400,  505 
I'reo-eliiane,  399 
Urethane  acetic  acid,  395 
Urethancs,  394,  403 
Uric  acid,  510,  511 

synthesis  of,  513 
Urobutyrchloralic  acid,  199,  569 
Urochloralic  acid,  198,  569 
Uroxanic  acid,  5*2 
Uvic  acid,  370 
Uvitic  acid,  370 
Uvitonic  acid,  371 


Valenck,  36 
Valeraldehvde,  106 
V'aleriana  officinalis,  248 
Valeric  acid,  248,  256,  265,  268 
Valeroln,  317 
Valero-lactam,  360 

lactone,  344  345 

carboxylic  acid,  494 
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\'alcryl  tbicjcarbimide,  425 

Valerylene,  98 

Vapor  density,  determination  of,  27 

Vaporimeter.  123 

Vapor  pressure,  lowering  of,  30 

Vaselines,  SS 

Vegetable  albumin,  583 

gum,  579 
Vicia  faba  minor.  509 

sativa,  509 
Vinaconic  acid,  486 
Vinol  130 
Vinyl  alcohol,  53,  130 

form,  319 

amine,  169 

bromide,  95,  105 

chloride,  105 

cyanide,  280 

diacetonamine,  219 

ether,  136 

ethyl  ether,  136;  of  ethylene  mer- 
captan ,  304 

sulphide,  149 

trimethyl   ammonium    hydroxide, 
169.  309 
Viol  uric  acid,  509 
Vital  force.  17 
Vitellin,  583 
Volemite,  542 
Vulcanization  of  caoutchouc,  390 


W 

Waxes,  130,  251,  256 

Weiss  beer,  122 

Wine,  122 

spirit,  118 
vinegar,  244 


\Vo(ni 


S' 


:um.  579 

spirit,  1 17 

sugar,  536 

vinegar,  manufacture,  245 
Wool  fat.  588 
Wurtz's  reaction,  84,  92 


Xanthane  hydride,  422 
Xanthic  disulphide,  392 
Xanthine,  513,  5x4 
Xanthochelidonic  acid,  538 
Xanthogenamic  acid,  406 
Xanthogenamides,  406 
Xanthogenic  acids,  390,  391 
Xanthoproteic  reaction,  582 

rhamnine.  536 
Xeronic  acid,  466 
Xylite,  534 
Xylonic  acid,  537 
Xyloquinone,  322 
Xylose,  536 

Xylotrioxyglutaric  acid,  537 
Xylylene  bromide,  531 


:  Yellow  prussiate  of  potash,  232 


Zinc  alkyls,  184 

syntheses,  82,  92,  1 14,  2x0, 
244.  259 
chloride,  92,  X38 


S3 


A  Catalogue  of  Books  on  Chem- 
istry, Technology,  Water  and 
Milk  Analysis,  Hygiene,  Toxi- 
cology, etc..  Published  by  P. 
Blakiston's  Son  &  Co.,  1012 
Walnut    Street,    Philadelphia 


INDEX   OP  SUBJECTS. 

PAGE 

Allen,  Commercial  Organic  Analysis  (New  Editions), 2 

RicHTER's  Chemistries,  Organic  and  Inorganic, 3 

Chemistry  and  Chemical  Analysis,  Medical  Chemistry,     ....  4 

Electro-chemistry, 6 

Toxicology,  Medical  Jurisprudence, 8 

Technological  and  Manufacturers*  Books, 9 

Water  and  Milk  Analysis, 10 

Emergencies,  Microscopy, 10,  11 

Gould's  Dictionary  of  Medicine  (Chemistry,  Biology,  etc.),  ...  if 

Hygiene  and  Sanitary  Science, 12 

A^*  The   Prices  given   in   this  Catalogue  are  absolutely  net.     No 
discount  whatever  can  be  allowed  retail  purchasers. 

P.  Blakiston's  Son  &  Co.*s  publications  may  be  had  through  Booksellers 
in  all  the  principal  cities  of  the  United  States  and  Canada.  Any  book  will  be 
sent,  postpaid,  upon  receipt  of  price,  or  will  be  forwarded  by  express,  C.  O.  D., 
if  prelerrcd.      Money  should    he  remitted  by  postal  note,  express  money  order, 

registered  letter,  or  bank  draft. 

Complete  catalogues  of  Books  on  Medicine,  Dentistry,  Hygiene, 
Nursing,  and  Pharmacy  will  be  sent  free  upon  application. 

Cat.  4— 7-27-iipo 


ALLEN'S 
Commercial  Organic  Analysis 

AUTHORIZED   REVISED   EDITIONS. 

A  Treatise  on  the  Properties,  Proximate  Analytical  Ezamlnstion  oni 
Modes  of  Assaying  the  Various  Organic  Chemicals  and  Producti 
employed  in  the  Arts,  Manufactures,  Medicine,  etc.,  with  Conciai 
of  Impurities,  Adultera 
Revised   and   Enlarged 


:   Arts, 
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NEW  EDITIONS 

RICHTER'S   CHEMISTRIES. 

AUTHORIZED    TRANSLATIONS. 

BY  EDGAR  F.  SMITH,  M.A..  PH.D.,  Sc.D., 

r'<oM,.,T  of  ChfmiiUY  in  the  Crnvrr,,/^  y  P/Hnsvlvat.ya .-  Membir  of  Ikt  CAtmual 
Saeitty  if  Brrlin,  AmrruaH  Pkileiufkical  SiKirty,  tic.  tic. 
Proressor  EichtEf's  melbods  ol  urangcinent  and  teachinf;  bave  proved  ibeir 
•uperiorily  by  tlie  large  sale  of  bU  books  Iliiougbout  Europe  aod  America,  tnn&> 
lalions  having  been  mode  in  Russia,  Holland,  and  Italy.  Itie  success  utlending 
(be  pablicalion  in  this  country  could  only  bave  been  attained  (or  good  LooLi  Ibat 
have  been  found  useful,  praciiral,  and  thoroughly  up  lo  Ihe  times. 

THE  CHEMISTRY  OF  THE  CARBON  COMPOUNDS, 
or  Organic  Chemistry.  Third  American,  translated  from  the 
Eigliih  Getnian  Kdiiion  by  Prof.  K.  Anschut/,  University  of 
^unii.     Tliarouglily  Revised,  Enlarged,  and  in  many  patls  Re- 

-■wriuen.     Illustrated.     Two  Volumes,     i  amo. 

I      Vol.    I.     Aliphatic  Scries.     615  pages.  Cloth,  ^3.00 

F      Vol.  II.     Carbiicj-clic  and  Heterocyclic  Series.     671  pages. 

'  Cloth,  ^3.00 

Fnm  Seiner. 

■■  AnscliSU,  In  editing  v.  Rithler's  '  Orsaok  Chemitlry  •  hu  mised  it  from  the  rank 
oTa  Rood  desctiMlvc  manual  la  ■  place  in  dUftonl  rank  of  booktoDIIutsuhlcct.  He  hu 
had  the  altt  of  En'il  Pitcher  in  Ihe  surKtvition  of  ihe  phaptcit  on  Ihecarboliydraicaniid 
"    ■  uric  BCld:  of  V.  SHjel.  Clailea.  Wailii  and  othen  on  the  work  in  their  teipcclive 

...J.     ._. .  . -■  -  m  occajdc*  n  pages,  and  among  other  tnt^cla  includei  coodeuHd 

M  of  pliyaical  cbemistry  and  ilcreachemiatry.aflhe  work  based  on 

_K  optical  and  manwtic  properties  of  carban  coatpouods,  and  of  Ihal  IxHd  on  meaiiue- 
Hweiiti  of  eonductivRT.  Tlia  book  la  writteo  teraoly  and  elaarir.  The  nenwncbluie 
^K. 1 ..i—j  i_..  .1. -nmended  by  tile  tJeneva  Conference  U  also  given. 

II  ttia  leoulta  of  tb*  lalMt  work  on  the  (ufaject,  and.  u  ibe  110011(1  (aitd  l»l) 

—  .< .1 .-.g  |j  pjomlsed  by  the  puNlsher»  during  the  prcient  leai,  the 

enl  book  may  IhI  coiiHdenl  Ibat  be  Imi  the  last  woid  on  Ibe 

'Ctsler  Polyltcknii-  /ktlilHU. 


INORGANIC  CHEMISTRY.  Fifth  American  from  the 
Tenth  German  Edition  by  Prof.  H.  Klincer,  University  of 
Konigsberg.  Thoroughly  Revised  and  in  many  parts  Rewritten. 
With  many  Illustrations  and  Colored  Plate  of  Spectra,     iimo. 

Cloth,  51.75 

Flu*!  ni  SetnUfie  Amniran. 

i»  markedly  praalcnl.  clear,  and  rtireet  In  Its  slaiemenK,  bringing  nul  promilKlilly 

,-. — *  ■_..,_.  ..^.....^  p...,!.  ...H  ih.^.....^  "*  bypothesct.  Si)  as  to  preclude  as  far  na 

)l   a  sludcnl   tiegiimrng   Ibe  iludy  o( 


Ibe  tckilioiis  between  pruved  tiicttand  Iheoriet  or  hypothcHs.  so  as  to  pi 
possible  aneculitive  Inferences  IroDi  the  inliul  ol  a  iludcnl  liegiimliii 
diemistry. 
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CONGDON.  Laboratory  Instructions  in  General  Chem- 
istry.  By  Ernest  A.  Congdon,  Professor  of  Chemistry  in  the 
Drexel  Institute,  Philadelphia;  Member  American  Chemical 
Society;  Fellow  London  Chemical  Society,  etc.     Illustrated. 

Im  Press. 

ULZER  AND  PRAENKEL.  Introduction  to  Chemical- 
Technical  Analysis.  By  Prof.  F.  Ulzer  and  Dr.  A.  Fraenkel^ 
Directors  of  the  Testing  laboratory  of  the  Royal  Technological 
Museum,  Vienna.  Authorized  Translation  by  Hermann  Fleck, 
NAT  sc.D.,  Instructor  in  Chemistry  in  the  John  Harrison  Laboratory 
of  Chemistry,  University  of  Pennsylvania.  With  an  Api)endix  by 
the  Translator  relating  to  Food-Stuffs,  Asphaltum,  and  Paint.  12 
Ilhistrations.     8vo.  Cloth,  f  1.25 

With  n  view  to  increasing;  its  usefulness  as  a  text-book  and  laboiatoiy  guide, 
the  translator  has  added  descriptions  uf  the  analysis  uf  typical  food-stuffs  and  other 
imiMirtant  products. 

BLOXAM.     Chemistry — Inorganic  and  Organic.    With 

Kxporiincnts.  l^y  Charles  L.  I^loxam.  Edited  and  Revised  by 
J.  Al.  Thompson,  Professor  of  Chemistry  in  King's  College,  Lon- 
don, and  A.  (}.  I^loxam,  Head  of  Chemistry  Department,  The 
Goldsmith  Institute,  London.  Eighth  Edition,  Enlarged.  281  En- 
gravings, 20  of  which  are  new.    8vo.    Cloth,  $4. 25  ;  Leather,  $5.25 

This — the  I'i^lilh— i'(litinn  luis  l)eon  very  thoroughly  revise<l.  Many  changes 
havi'  Iktii  nia»lo»  tlmu^h  the  ^i-ncral  arraiij^cninil  iciiiains  the  same.  The  sec- 
tions on  <'xp!i»iv<.'s,  to  which  tlu*  work  (»wi'.s  convidcrahlc  reputation,  have  been 
tau'tiilly  m»nc  over,  ll  if»  in  some  re>pects  niore  tliorouj^h  and  complete  than  any 
otiier  work. 

BARTLEY.  Medical  and  Pharmaceutical  Chemistry. 
Uy  E.  11.  r»AKTi.KY,  M.P.,  Professor  of  ClK-mislry  and  Toxicology 
at  the  Long  Island  College  llosi)ital;  Dean  and  Professor  of 
C'luinistry,  l>rooklyn  ColU-ge  of  Pharmacy  ;  Chief  Chemist,  Board 
of  Health  of  llrooklvn.  Fifth  Edition,  Revised  aid  Enlarged. 
92  Illustrations  atid  Glossary.     i2mo.  Cloth,  $3.00 

"Tliis  exeellenl  lMK»k  contains,  in  tlie  nio>t  cc»nci>e  form,  all  the  knowledge 
of  medical  ami  pharmaceutical  cheniisir\'.  '\\\<  present  edition  has  l)een  greatly 
enlarged,  and  a  new  chapter  on  Thysiological  and  Clinical  Chemistry  added.  .  .  . 
The  whole  Uxik  rea<ls  admirably  well  and  deserves  the  highest  recoramenda- 
tion." — X.  y.  MtdUal  Kicord. 

Clinical  Chemistry.  The  Chemical  Examination  of  the 
Saliva,  Gastric  J  nice.  Feces,  Milk,  I'rine,  ei( .,  with  notes  on 
ITrinary  Di.ignosis,  Volumetric  Analysis,  and  Weights  and  Meas- 
ures.    Illustrated.      i2mo.  Cloth,  $1.00 

The  prices  of  these  books  are  net.   No  discount  allowed  retail  purchasers. 
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TRAUBE.  Physico-Chcmical  Methods.  By  Dr.  J.  Traube, 
Privatdocent  in  the  Technical  High  School  of  Berlin.  Authorized 
Translation  by  W.  L.  Hardin,  Ph.D.,  Instructor  in  Chemistry, 
University  of  Pennsylvania.     97  Illustrations.     8vo.     Cloth,  $1.50 

**  Dr.  Traube*  s  book  should  certainly  be  welcomed  by  us  all  on  account  of 
the  clear  and  concise  exposition  he  has  given  us  of  the  most  important  of  physico- 
chemical  methods.  The  value  of  this  book  is  further  enhanced  by  a  number  of 
good  cuts  which  aid  one  in  obtaining  a  clear  idea  of  the  methods  under  discus- 
sion. The  book  has  been  carefully  edited,  and  the  typography  is  good.'* — The 
Journal  of  the   Worcester  Polytechnic  Institute. 

CALDWELL.  Chemical  Analysis.  Elements  of  Quali- 
tative and  Quantitative  Chemical  Analysis.  By  G.  C.  Caldwell, 
B.S.,  PH.D.,  Professor  of  Agricultural  and  Analytical  Chemistry  in 
Cornell  University,  Ithaca,  New  York,  etc.  Third  Edition.  Re- 
vised and  Enlarged.     Octavo.  Cloth,  I1.50 

,  This  book  has  been  extensively  used  in  American  Schools  and  Colleges,  and 
needs  no  special  introduction.  Written  to  supply  Prof.  Caldwell's  need  in  his 
own  work,  it  is  an  eminently  practical  and  complete  text-book. 

HOLLAND.  The  Urine,  the  Gastric  Contents,  the 
Common  Poisons,  and  the  Milk.  Memoranda,  Chemical  and 
Microscopical,  for  Laboratory  Use.  By  J.  W.  Holland,  m.d.. 
Professor  of  Medical  Chemistry  and  Toxicology  in  Jefferson  Med- 
ical College,  Philadelphia.  Sixth  Edition,  Enlarged.  Illustrated 
and  Interleaved.     i2mo.  Cloth,  §1.00 

LEFFMANN.  Compend  of  Medical  Chemistry,  Inor- 
ganic and  Organic.  Including  Urine  Analysis,  Chemistry  of  Tissues 
and  Secretions,  Table  of  Symbols,  Valencies,  Atomic  Weights,  etc. 
By  Henry  Leffmann,  m.d..  Professor  of  Chemistry  and  Metal- 
lurgy in  the  Pennsylvania  College  of  Dental  Surgery  and  in  the 
Wagner  Free  Institute  of  Science,  Philada.;  Professor  of  Chemistry, 
Woman's  Medical  College  of  Pennsylvania,  etc.  Fourth  Edition. 
Cloth,  .80  ;    Interleaved  for  the  addition  of  Notes,  $1.25 

The  Coal-Tar  Colors,  with  Special  Reference  to  their 
Injurious  Qualities  and  the  Restrictions  of  their  Use.  A  Trans- 
lation of  Theodore  Weyl's  Monograph.     i2mo.       Cloth,  $1.25 

Structural  Formulae  for  the  Use  of  Students.  Contain- 
ing 180  Structural  and  Stereo-Chemic  Formulae.  i2mo.  Inter- 
leaved. Cloth,  J  1. 00 

%*See  also  Water  and  Milk  Analyses,  page  lo. 

Tbe  prices  of  these  books  are  net.   No  discount  allowed  retail  purchasers. 


G  BOOKS  FOR  CHEBnSTS  AND  BUNUPACmRERS. 

CLOWES  AND   COLEMAN.     Quantitative  Analysis. 

Adajited  for  tbc  Use  of  the  I.aboratories  of  Schools  aad  Colleges. 
By  Frank  Clowes,  sc.d.,  Emeriltis  Professor  of  Chemistry,  Univer> 
sity  College,  Nottingham,  and  I.  Bernard  Colehan,  Assoc  R.  C. 
Sci.,  Dublin,  Professor  of  Chemistry,  Southwest  London  Polytech- 
nic. Fifth  Edition.  117  Illustrations.  Nearly  Reaify. 
OETTEL.  Practical  Exercises  in  Electro-Chemistiy. 
By  Ur.  FELrx  Oettel.  Authorized  Translation  by  Edgar  F. 
Smith,  m.a..  Professor  of  Chemistry,  University  of  Pennsylvania; 
Translator  of  Richter's  Chemistries,  etc.  Illustrated.  Cloth,  .75 
Introduction  to  Electro-Chemical  Experiments.  Illus- 
trated.    By  same  Author  and  Translator.  Cloth,  .75 

SMITH.  Electro-Chemical  Analysis.  By  Edgar  F.  Sinrn, 
Professor  of  Chemistry,  University  of  Pennsylvania.  Second 
Edition.     Enlarged.     aS  Illustrations,     lamo.  Cloth,  f  i.a; 

*,*  This  book  has  recrnllv  hera  tnnslaletl  into  Uennin  by  Dr.  Mu  Ebeling 
of  Keriiii.  hikI  into  t'reiicli  by  I'toF.  J.  Kusset 

"  The  grentesl  ailvantaf^e  of  the  electrolylic  mcthixl  of  analysis  is  its  sim- 
plicily.  We  <lo  not  rei|uire  lo  inlroduce  materials  the  purity  of  vfhich  often  Ihtm 
soiiR'thin;;  lo  be  dnireil,  aii<l  wliich  have  lo  be  siffiwi  rcmovefl,  frequenllj  at  the 
cost  of  iiiucli  lime  aiid  trouble.  Hence,  whiTc  available,  the  elcclrol)-ttc  method 
of  aiuilyiiis  iKJsaesses  an  indisputable  advantage.  We  hope  that  Prof.  Smilh'i 
little  work  will  call  increa<ie(l  ndention  tu  this  branch  of  mineral  Biialyiis." — 
Chcmkal  AVav,  Lond,>H. 

"  Cheinisls  will  find  this  liule  book  an  excellent  |iuidc  to  a  knowledge  of  (he 
melliixli  uf  quanlilalive  analysis  l)y  ck-clrolysis. " — Amcrkan  ChiHiicnlJoumat, 
B.illim.-yi,  M.i. 

MUTER.  Practical  and  Analytical  Chemistry.  By 
John  Muter,  k.k.s.,  f.c.s.,  etc.  Secuiid  American  from  the 
Eii,'lilh  F.nplish  Edition.  Revised  to  niivt  ilie  reijiiiremenls  of 
.American  Medical,  Pharmaceutical,  and  DirLUa!  Colleges.  56  Illus- 
trations. Cloth,  S1.25 
■•  The  editor  hai  made  only  such  changes  as  wcte  reiiaired  lu  adapt  the  book 
10  the  L'.  S.  I'liarmacuparia,  encejit  in  the  chapter  on  urine  analysis,  which  hu 
I'ecn  enlarged  and  to  which  cuts  of  microscopic  scilinicnis  anil  iitlirr  illuiitratiana 
linve  been  added.  Scvernt  other  processes  have  liren  added,  such  as  esihnatioa 
of  ehk.ral  hydrate,  of  fat  in  milk,  etc."— Tif  J'^puLir  S.uii,-e  Monthly. 

TYSON.  Guide  to  the  Practical  Examination  of  Urine. 
Ninth  Edition.  ISy  James  Tvson,  m.i>,,  Professor  of  -Medicine, 
University  of  Pi:nnsylvaiiia,  etc.  Witli  Colored  Plate  and  48 
Illustrations.     Xinth  Edition.      i2mo,     176  pages.       Cloth,  Ji. 25 

Tbe  prices  of  tliese  books  are  net.    No  discount  allowed  retail  purcbasers. 


BOOKS  FOR  CHEMISTS  AND  MANUFACTURERS. 


SMITH  AND  KELLER.  Experiments.  Arranged  for 
Students  in  General  Chemistry.  By  Edgar  F.  Smith,  Professor  of 
Chemistry,  University  of  Pennsylvania,  Translator  of  Richter's 
Chemistries,  etc.,  and  Dr.  H.  F.  Keller,  Professor  of  Chemistry, 
Philadelphia  High  School.     Third  Edition.     41  Illus.     Cloth,  .60 

"  This  series  of  exercises,  based  on  the  authors'  experiences  with  their  own 
classes,  is  intended  to  accompany  any  convenient  text-book  of  inorganic  chemistry; 
but  reference  is  made  to  that  of  Richter.  Beginning  with  fundamental  operations 
as  with  blowpipe,  glass  tubing,  balance,  and  graduates)  and  general  principles 
as  the  difterence  between  chemical  and  physical  change),  the  course  proceeds  to 
e  study  of  hydrogen  and  other  non-metals  in  Part  I,  followed  by  the  metals  in 
Part  II.  Quantitative  relations  are  well  presented  in  the  experimental  work  and 
stoichiometricnl  problems,  as  in  determining  the  //-equivalent  of  zinc,  the  density 
of  67,  eudiometric  combustion  of  methane,  etc." — Science. 

THRESH.  Water  and  Water  Supplies.  By  John  C. 
Thresh,  d.sc.  (London),  m.d.,  d.ph.  (Cambridge),  Medical 
Officer  of  Health  to  the  Essex  County  Coimcil ;  Lecturer  on  Public 
Health,  King's  College,  London ;  Fellow  of  the  Institute  of 
Chemistry,  etc.  Second  Edition,  Revised.  Illustrated.  i2mo. 
438  pages.  Cloth,  J2.00 

SUTTON.  Volumetric  Analysis,  a  Systematic  Handbook 
of;  or,  the  Quantitative  Estimation  of  Chemical  Substances  by 
Measure,  applied  to  Liquids,  Solids,  and  Gases.  Adapted  to  the 
requirements  of  Pure  Chemical  Research,  Pathological  Chemistry, 
Pharmacy,  Metallurgy,  Manufacturing  Chemistry,  Photography, 
etc.,  and  for  the  Valuation  of  Substances  used  in  Commerce,  Agri- 
culture, and  the  Arts.  By  Francis  Sutton,  f.c.s.,  f.i.c.  Public 
Analyst  for  the  County  of  Norfolk.  Eighth  Edition.  Revised 
and  Improved.     112  Illustrations.  Just  Ready,  Cloth,  $5.00 

•'  We  need  only  say  that  this  work  is  welcome  as  bringing  *  Sutton's  Volu- 
metric Analysis  *  down  to  date.  The  original  book  has  been  so  long  the  standard, 
and  is  so  well  known,  that  description  seems  hardly  necessary." — The  Scientific 
American. 

SYMONDS.  Manual  of  Chemistry,  for  Medical  Students. 
By  Brandreth  Svmonds,  a.m  ,  m.d.,  Ass't  Physician  Roosevelt 
Hospital,  Out-Patient  Department;  Attending  Physician  North- 
western Dispensary,  New  York.     Second  Edition.        Cloth,  $2.00 

SMITH.     Dental  Metallurgy.    A  Manual.     By  Ernest  A. 

Smith,  f  c  s..  Assistant  Instructor   in  Metallurgy,  Royal  College 

of  Science,  London.     Illustrated.     i2mo.  Cloth,  $1.75 

"The  metals  in  common  use  in  dental  j)ractice  are  each  described,  and  a 
special  chapter  is  devoted  to  the  question  of  Dental  Amalgams.  With  a  view  of 
renderinfj  the  book  as  practical  as  possible,  the  author  has  enumerated  a  list  of 
100  experiments." — The  Lancet,  London, 

The  prices  of  these  books  are  net.  No  discount  allowed  i-etall  purchasers* 


s  BOOKS  FOR  CHEMISTS  AND  HANUFACTUKERS. 

WOODY.  Essentials  of  Medical  and  Clinical  Chemistry. 
With  laboratory  Exercises.  Uy  Sam  E.  Woodv,  a.m.,  ji.d.,  Pro- 
Tcssor  of  Clicmistry  and  Disea^ies  of  Children  in  the  Medical 
Ik'] lart  1)1011 1  of  Kentucky  University,  Louisville.  Fourth  Edition. 
Revised,  with  Tables  and  Illustrations,     izmo.         Nearly  Ready, 


TOXICOLOGY  AND  MED.  JURISPRUDENCE 

REESE'S    Medical  Jurisprudence    and   Toxicology.     A 

'rext-hoolc  fur  Medical  and  Legal  Practitioneis  and  Students.  By 
John  J.  Kkese,  m.d.,  late  Professor  of  the  Principles  and  Practice 
of  Medical  Jurisiiritdence,  including  Toxicology,  in  the  Univetsity 
of  Pennsylvania,  Medical  Department.  Fifth  Edition,  Revised 
and  Enlarged  by  Henky  Leffmann,  m.d..  Pathological  Chemist, 
Jefferson  Medical  College  Huspilal,  Philadelphia;  Hygienist  and 
Food  Insi>ector  Pennsylvania  State  Board  of  Agriculture,  etc. 
iimo.     C46  jKijies.  Cloih,  83,00;  l,eather,  J3.50 

"  Tn  ihc  ■■tutli.'iil  of  nieilicnl  jims|>m(lencc  and  iQxiciilo^  it  is  invsluRble,  u 
il  i«  Liiiicisp,  tlciir,  nml  thorough  in  every  ns[)ccl." —  Tht  Aiiifrican  Jtumal  ef 
thi  M<M..il  S.i.-ii.<-!. 

"'lilt.'  IkhiU  lin])pily  mi'et.'i  Ihe  nvi'iU  of  .siu'lents,  and  we  unqualifiedly  com- 
mend it." — Amcriiiin  I'lii.lilUiu-r  iinJ  Xeifi,  LonirAtle. 


MANN.  Forensic  Medicine  and  Toxicology.  A  Text- 
book liy  J.  Dixon  Mann,  m.u.,  f.k.c.i-.,  I'rofL'ssor  of  Medical 
Jiirisiirudfiici:  and  Tuxirulngy  in  U«cns  College,  Manchester; 
Lxainincr  iti  Forensic  Medicine  in  University  of  London,  etc. 
Illustrated.     Octavo.  Cloth,  ^6.50 

TANNER'S  Memoranda  of  Poisons  and  their  Antidotes 
and  Tests.  I>y  Tiios.  Hawkf.s  Tanner,  m.d.,  f.r.c.p.  Seventh 
American,  from  the  last  London  F.dition.  Revised  by  John  J. 
Reese,  m.d.,  Profes.sor  of  Medical  Jurispritdencc  and  Toxicology 
in  the  University  of  Pennsylvania.      lamo.  Cloth,  ,75 

"The  faci  uf  any  technical  work,  i^reat  or  small,  reaching  Its  seventh  edition 
speaks  for  itself.  In  llie  mort  iiindcnspd  r»rm  aie  civen  the  hiiiloryof  poisons,  their 
antidotes,  and  cariiHis  mechanical  methods  for  ovcrcnminj;  the  tendency  toward 
death.  The  jirincipal  manges  in  the  new  edition  linve  Ifcen  the  substitniion  of 
modem  chemical  nomenclature  aii<l  the  unilssinn  of  olisi>lete  portions  of  the  old 
text.  The  toxicology  of  poisonous  fooil  has  lieen  prcsenicil  as  fully  as  the  conciie 
charaaer  of  the  Ijook  allows.'- — M,dical  RtcorJ,  Xfiv  Ycrk. 

The  prices  of  these  books  are  net.   No  discount  allowed  retail  purcbasen. 


TECHNOLOGICAL  BOOKS.  9 

GROVES  AND  THORP.  Chemical  Technology.  The 
Application  of  Chemistry  to  the  Arts  and  Manufactures.  Edited 
by  Charles  E.  Groves,  f.r.s.,  and  Wm.  Thorp,  b.sc,  f.i.c. 
With  numerous  Illustrations.     Each  volume  sold  separately. 

Vol.  L  Fuel  and  Its  Applications.  By  Dr.  E.  J.  Mills, 
F.R.S.,  Professor  of  Chemistry,  Anderson  College,  Glasgow;  and 
Mr.  F.  J.  Rowan,  c.e.,  assisted  by  an  American  expert.  607 
Illustrations  and  4  Plates.     Cloth,  I5.00;  Half  Morocco,  $6.50 

**  It  is  without  doubt  the  most  useful  and  comprehensive  book  in  the  English 
language  on  fuels,  and  is  a  valuable  acquisition  to  our  standard  books  of  refer- 
ence."— Journal  of  the  Franklin  Institute. 

**  It  covers  a  vjride  range  of  knowledge,  and  should  be  at  the  elbow  of  every 
intelligent  and  progressive  manufacturer. " — The  Iron  Trade  Revieiu^  Cleveland. 

"  The  book  will  be  very  useful  for  reference,  and  should  be  of  especial  value 
to  the  inventors  and  experimenters  or  users  of  processes  or  appliances  for  the  com- 
bustion of  fuels,  since  in  it  can  be  found  a  record  of  a  large  part  of  the  methods 
heretofore  proposed  and  adopted.  Where  critical  remarks  are  made  they  appear  to 
be  judicious.  The  illustrations  are  very  numerous  and  are  well  selected.  An 
immense  amount  of  information  has  been  crowded  into  these  closely  printed  802 
pages." — Engineering  and  Mining  Jourtial^  New  York. 

**  The  book  is  very  fully  illustrated,  as,  indeed,  the  nature  of  the  subject 
requires,  and  includes  a  large  number  of  tables  giving  fuel  statistics,  analyses  of 
different  fuels,  and  comparative  results." — The  Railroad  and  Engineering  Journal. 

Vol.  II.     Lighting.     Candles,  Oils,  Lamps,   etc.     By  W.  Y. 
Dent,  I.  McArthur,  L.  Field,  F.  A.  Field,  Boverton  Red 
WOOD,  and  D.  A.  Louis.     358  Illustrations.     Octavo. 

Cloth,  I4.00;  Half  Morocco,  I5.50 

Vol.  III.  Gas  Lighting.  By  Charles  Hunt,  Manager  of 
the  Birmingham  Corporation  Gasworks.     Illustrated.     Octavo. 

Cloth,  ?3.5o;  Half  Morocco,  J54-5o 
Vol.  IV.     Electric  Lighting.  Preparing, 

GARDNER.  The  Brewer,  Distiller,  and  Wine  Manu- 
facturer. Giving  full  Directions  for  the  Manufacture  of  Beers, 
Spirits,  Wines,  Liquors,  etc.,  etc.  A  Handbook  for  all  interested 
in  the  manufacture  and  sale  of  Alcohol  and  Its  Compounds.  Edited 
by  John  Gardner,  f.c.s.,  Editor  of  **  Cooley's  Cyclopedia"  and 
**Beasley's  Druggists'  Receipt  Book.*'     Illustrated.      Cloth,  $1.50 

"Trustworthy  and  valuable." — German  and  American  B  reivers'  Journal. 
**  A  very  complete  handbook.*' — Boston  Journal  0/  Chemistry. 

Bleaching,  Dyeing,  and  Calico  Printing.  With  Formulae; 
a  Chapter  on  Dye  Stuffs.     Illustrated.      i2mo.  Cloth,  $1.50 

"A  serviceable  manual." — Inventors^  and  Manufacturers'  Gazette. 


The  prices  of  these  books  are  net.    No  discount  allowed  retail  purchasers. 


10       BOOK  POK  CHEMSIS  AWP  MAITOPACnntEBS. 

CAHBRON.    Oils  and  Vmnuahes.    A  Practical  Handbook, 

hv  .1ame>  Camuon,  F.i.c.     With  lUostntiont,  FonnnlK,  Tabtea, 

etc.     i3uu\  Cloth,  fa.as 

Soap  and  Candles.    A  Nw  Handbook  r«'  Hanufactnms, 

ChrmiMs,  Anftl\-st>.  etc.    54  lIluEtrations.    tamo.     Cloth,  (a.oo 


EMERGENCIES. 

DULLES.    Accidents  and  Bmergenciea.    A  Manual  for 

ih<r  rrritinirnt  >it'  $)iT(;u-al  and  other  Injuries,  Poboning  and  varioos 
lV<inrs(ii-  l-.n)(-r}!rnt'i(-s.  in  the  j[l«ence  of  the  Physician.  By 
C'liAKiBs  W.  ItruE:'.  M  IV.  Suri^c^^ii  t>>  theOut>Door  Department 
oi  ihf  l'i:i\vi>it\  and  I'ml'viemn  Hi-^piials,  Philadelphia.  Fifth 
Kiliiioii.  I  iihi4:e\l.     NVw  llhistniions.     lamo.  Cloth,  fi.oo 

"  lhi>  i>  <  irtii<\l  4n>l  mUr|7r>l  rdilic4i,  with  new  ilhBtntkm,  of  the 
nuiuiit,  r\pliiiiini;  thr  ixriiinnit  111  >ari;>f«1  and  othrr  injoric*  in  (he  aweace  of 
ilif  ;  lii>i.  1.111       1  iir  ru»)>1f  «nil  imuiu-i!  ri^yrnainnt  of  this  little  book  ibould  be 

Li 11  I.    .>;!%  .'lie      .\.vi.!< ;-:>  ,\;e  i'.>!'.>iaiii1i  .voDTrinf:,  and  a  knowledge  of 

nirii:  ^;;. .....  :v  .l^-:..  .i\  ..n  iii.i'Vi:.'!'.'!  :-  1 1;^  r.t'u.ihlr.     Such  a  handbook  shoqld 

l<  i;i  >  lilt  '..  .:ir.  I  .^1 ,':  u::i:c  :i  .n:  ..'.<■  .it >  :^  ioaa.*.  rt-tiiih." — Batim  Jimrtud 


WAVFK  .-XND  MILK  .AN.^LYSES. 

LKFKMANN.     Examination  of  Water  for  Sanitary  and 

It.;!!..., I.  l"..!i>.'i>,  ru-Mi; •.::•>.  :■:.«•  r:.ves:ie*  that  are  Most 
r:.:-.;«.'i;ln  ..:-.;  l';.u;-iu;.  )^  Hvnkv  l.>»rM.*NN\  m.d..  Professor 
I'l  t."!n-iiu>:n  ji:>:  NLi.i'uUtiH .  lViinMl\ar.id  Lollegc  of  Dental 
>.;ui;»;  i':  .'U-ss.-T  .1  «.:  .:i-.'-:-.^,  W,:v.---i  Mo^iical  College  of 
lV:.;i>\!i.i".  -I.  "i«  l\>'.:i::'.  1\'.::U>:-.  Ki'\wi\'.  anJ  Enlarged.  Illus- 
[;.:;;-,.,      i.-.ii.'  Cloth,  Si. as 

■■  rV'.  i>  a  ».".  ivrnp'.-.'.  ir.l  «■>:•..:.  '.:•.:'■;  !;«;■><."'— -'-•■J'.ii  Lancrt. 

■■   \::   .I,::;:  111' .-.  :.;.'■.  ■■■   .':-■    •,■■■■'<■"■■■■   i.-.-„»;..;^r.""— A"!.-*.*.'.;/ ^wa^<-«/ 

-•  I  .■  -    ■■;»  ij-.i..^:--  1-  ■.:■■>  ».-.;..'^  .•■■  ■■.■.■.c■■.•^■^^.x^.■.^■^■■  of  1^5 ultj. " — SaiJrmd 


Analysis  of  MilV  and  Milk  Products.     Artanged  to  suit 
tV  !'ftvs>'t  \'.;.t:M  i.i'  <.!■...■;•.•.-.■.>,  Pa::\iv.i':\  anii  Milk  Inspectors. 

iiW.iV.  K,-;;!.'i;.     l:-:->;i;ivi      »-"•■■-.•.  Cloth.  $1.25 

■■  ITif  Kv(.  is  .nw  "h-.V  *'■':-  Iv  u-'i"'  '■■-  :'■..- hi"-! 


■me  privcs  of  these  books  are  net.   Ho  discount  slIowcJ  rtttil 


BOOKS  FOR  SCIENTISTS.  11 

CARPENTER.  The  Microscope  and  Its  Revelations.  By 
W.  B.  Carpenter,  m  d  ,  f  r  s.  Eighth  Edition.  By  Kev.  Dr. 
Dai.i.in(JEK,  f  r  s.  Revised  and  Enlarged,  with  800  Illustrations 
and  21  Lithographs.     Octavo.     11 00  pages.  Preparing. 

**  The  book,  therefore,  cannot  fail  to  be  of  value  to  chemists  and  others  at 
iron  works  intrusted  with  the  niicro>copicnl  examination  of  the  metals  with  which 
they  deal." — The  American  MiUiufacturer^  Pittsburgh. 

"  Every  one  who  has  a  microscope'  will  need  also  Carpenter's  lK)ok  to  get  the 
most  out  of  his  instrument,  and  every  one  who  has  the  book  will  l>e  certain  to  want 
A  microscope." — Popular  Science  Monthly. 

**  It  is  without  a  rival  in  its  particular  field,  and  is  beyond  question  the  best 
sii^le  work  on  the  subject,  not  only  in  Knglish  but  in  any  other  language.  .  .  . 
A  splendid  specimen  of  the  l>ook-maker's  art.'* 

**  The  book  is  more  than  ever  a  standard,  unrivale<l  in  its  kind,  and  is  a  neces- 
sity to  everyone  who  pretends  to  any  scientific  use  of  the  microscope.'' — Xew  York 
Evening  Post. 

WETHERED.  Medical  Microscopy.  By  Frank  J.  Weth- 
ERED,  M.D.,  M.R.c.P.     With  loo  Illustrations.      i2mo. 

Cloth,  §2. 00 

REEVES.  Medical  Microscopy.  Including  chai)ters  on 
Bacteriology,  Neoplasms,  Urinary  Examination,  etc.  By  James  E. 
Reeves,  M.D.,  Ex-President  American  Public  Health  Association, 
etc.     Illustrated.     i2mo.  Cloth,  $2.50 


THE  BEST  DICTIONARY. 

GOULD.  Illustrated  Dictionary  of  Medicine  and  Allied 
Sciences,  including  Chemistry,  Biology  (Zoology  and 
Botanyj,  Hygiene,  etc.     Large,  Square  Octavo.     1633  pages. 

P  11  Q^V  '  [•  $10.00.     With  Thumb  Index,  $11.00 

Fifth  Edition.  Half  Russia,  Thumb  Index,  $12.00 

%*  There  being  no  special  dictionaries  devoted  to  Chemistry  and  Biology, 
it  was  thought  eminently  pro|)er  to  incluile  both  tlie^e  sciences  in  this  U)ok.  They 
are  closely  related  to  nic<licine,  and  each  is  largely  de|x?ndent  upon  the  others, 
(lould's  Illustrated  Dictionary  contains  much  sjx^cial  infonnation  of  practical  use  to 
the  general  scientist.  Bacteriology  and  Parasitology  are  particularly  well  ])re- 
sented,  while  the  numerous  tables  of  Acids,  Alcohols,  Aldehyds,  Carlnjliydrates, 
Electric  Units,  Kther>»  Foods,  I  lydrocarljons,  Laws,  Milks,  Oils,  Pigments,  I*to- 
mains,  Resins,  Soaps,  Stains,  Starches,  Sugars,  Tests,  Theories,  Wave  lengths, 
Weights  and  Measures,  etc.,  will  Ik;  found  uni<iue  and  exceedingly  valuable. 

Jlg^  Handsome  descriptive  circular,  with  sample  images  and  illustrations,  will 
be  sent  free  ujxjn  application.  100,000  copies  of  (lould's  Dictionaries  have  been 
sold. 


The  prices  of  these  books  are  net.  No  discount  allowed  retail  purchasers. 
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